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KINEMATICAL THEORY AND GENERAL 
REUTIVITY 

By 

D. N. Moghe 
I . Introduction 

T here have been many attempts to explain Milne’s Kinematical 
Theory on the basis of the general theory of Relativity. As the 
kinematical theory is due primarily to the application of the notions 
of the theory of sets of points and the fact that the particles in receding 
motion are supposed to form a statistical system, it is not peihaps logical 
to give an interpretation of the iheoiy in terms of the ideas of general 
relativity. Even then, some of the interpretations given so far appear to 
bring out clearly a parallelism between general relativity and the kine- 
matical theory. This parallelism is not, however, perfect as in such 
attempts G is replaced by G (X). A more general case is represen- 
ted by G (X, , We shall now examine these two cases in some detail. 

2. Case I— G (X) 

It was Walker(^) who first gave the line-element for this case, 

I F (X) j- 6(7i/)2 )j (j) 

the notation being the same as usual. From the condition of isotropy 
weget the value of F (X) as 

F (X)- (tzX+i) I (2) 

Gilbert(*) has considered a special case of this, namely, b - o and a=ti5 
which gives G = — i ultimately. The geodesic equations (obtained 

either from the variational principle or by direct substitution in the dif- 
ferential equations for the geodesics) give for the tracks of particles the 


law of motion : 

.. . Y ^ X f?F ^ 

r= ( r-rt ) x V rfX -I* (6^ + sin^O./,^ ) (3) 

So that, when 0 = 0 , 4 =o> we get the familiar equations of Milne, viz-, 

r=(r-rOx^(^) 


I 
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where G (X) 


^ rfF __ ?aX 
F dX aX +6 


( 5 ) 


Another case for a= — 6 =j has been found convenient for the 
kineinatical treatment. (•) It gives the line-element (i) the form 

J . ^ Li (6) 

(1— A;*x)* 


The notation in the reference cited being slightly different. With 
the aid of the transformation ics=i, ict=;f°, and the transformation 
from the spherical polars to the cartesian co-ordinates we have the con- 
formal representation of (6) as 





which shows that the manifold V4 is a hypersphere of constant curvature 
(radius R) and is embedded in an Euclidean flat space S5. We have, 
therefore 


L 


( 8 ) 


For the line-element (6), we get 

8 7cTi=:8TcT| = 8 7rTg=8 71 ( 9 ) 

,d (.0) 


For the type of motion considered by Milne the relativistic analogue of 
the kinematical system should satisfy the condition of isotropy. In the 

E resent case it is satisfied. Milne’s world model has also been shown to 
e an expanding universe of the hyperbolic type(^). We now pass on to 
the more general case. 


3. Case II— G (X,^) 

The line-clement for this case is assumed to be of the form : 

ds^= L in*e<?0*)j - .(n) 

Calculating the components of the Riemann — Christoffel tensor for 
this case and writing the condition yf isotropy as 
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Where k is the Riemannian curvature, we have the following set of 
differential equations for the determination of F (X, ^), viz., 

gap 1 9F_ 2 /9FV_ 1 I 2/^\a) 

^ r 9r ¥\9rJ ~ F )’ 

(also •.•Ti = T| = T|) ( 13 ) 

^-FeO+ ri)=»’ ■ T 5=»=f » 

= ••’’i=<'=Ti) Cs) 

and 

= 0 , (also • . •TJ = 0 =T 2 ) .. (,6) 

From these differential equations it is desirable to get a solution in the 
form F =F (X, ^). Such a solution does not seem to be possible. 
This negative result should compare favourably with G (|) being per- 
fectly arbitrary. The (r, t) geodesics give the track equations: 

.. , Y 2(XF,-aF2) 

r = {r-rt) ' - 

+ r (e*4-sin* 0^*) ^1 — (i?) 

Where Fj = > F^ = ^ • Putting 0- 0 , <p —0, we get 

r'=(r-k)]^i}(X.,0 (.8) 

Wh^ (, 9 ) 

If we assume F (X, ^)==X”^ ^ (^) ( 20 ) 

We obtain G (^)=2 

Where a dash denotes a differentiation w. r. t. As 0 and are 
quite arbitrary functions of ^ so is G (^)* The energy tensor has the 
following surviving components, viz., 

Q^rpx 9F/4 , 3 9 ¥\ , c* f ^ ^^F , ^ 9 F 

+ 55- 

1/9F\2| 1 („o*F i/9F'\2 1 , ^ 

¥\9q) I ¥^\^9t^ ¥\9t ) I • 
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87tT| = 87cT8 


^ f , 2 _ 1 

1 ^ r 9r F 


2co<0+. 


9<* F 


f 

* “F® t 




^ I f i? i 

” ' r 9r F 


>F _ 1 /£F V ) ,_ gF 

?r F\9ry J r*F*9e 




v + -2i. / 2 ' 

V\9r J f+r*FM^i 


+---f(S)'}-A(f)' " 

Hence, we ‘conclude that although the kinematical theory accepts 
special relativity in principle an exact analogue from the general theory 
of relativity is not possible. 

Note 

It is found that if we consider the line-element, 

viz., - !F ( X,a) ! - 03 + dy^ + dz^)l.. (i) 

we get the geodesics in the form 


X — (x — xt) ^ 

J. 

where we may write 

G(X,6) 


..y 2 (XF,-^F,) 


2 (XF, -|F,) 
F 


If, however, we propose to have 




F must be supposed to be of the form X'*'/ (^). Keeping 

G (g) arbitrary we get ^C4 (^) 

— / 2 ( 2 ) ^ ^ 

F =- X'’‘ ^ ^ (v) 

Here, the energy-tensor is given by the components 

1 F® r 1 F 3X^ F* \9X } ] ^ \lddy^ 


1 FH^ 1 F F*V»-c/ J lFa^2 

JL /»f\2 1 , f j »^F 1 / if\® t L / L 

W/ ] ^ I F »»* ^F*\^92/ J 

1 /eF\2 I 1 , 3o*/<»*F , 9*F , e^F 1 9^¥\ . . 

7 J J ^ ¥\0x^ + 92*- 
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and similar expressions for T| and T* ; and 

— SJtl*— psil -t-j’a ( 


+ / 

( 102F , 1 Af\m a V 

(vii) 

+ F3 ^0a;a + gyi "t" az'-S c2 J 

Fora perfect fluid, therefore, wehaveT=y^ — 3/>=o,ornF=o •• • (vhi) 


where 


^a 

^ ^ 93^ 9y^ 0Z^ c* 9t^ 


02 


I 9 


(viii) is the well-known equation of wave propagation. 

References 

(1) A. G. Walker : M. N R.A S., 95, 263, (1935) 

(2) C. Gilbert ; Quart. J Maths, 9, 35, 185-193, (1938). 

(3) G. C. MoVittie ; Cosmological Theory (Methuen & Co., 1937), j). 74 

(4) Ibtd,, p. 95. 



A NOTE ON ISOTROPIC MANIFOLDS 


By 

D. N. Moghe 
I. Introduction 

T he purpose of this short paper is to bring out clearly some properties 
of isotropic manifolds which have an application to the theory of 
relativity. 

In a previous paper!*) I have examined the condition of isotropy of 
relativity manifolds from the point of view of differential geometry. 
There, it was found convenient to use the geodesic form of line-element 
for a space Vn, viz., 


ds — dt'^ + gjjdx'^d^ (i) 

where the formula for the Riemannian curvature was found to be 

w 

We propose to show in the next section that the condition of isotropy 
makes the principal components of the energy tensor equal to each other. 

2. Energy Tensor 

The energy tensor is usually expressed as : 

(G-2X) (3) 

H n ^ ^ fi ^ ’ 

where Gy— Kg\j %a that G-=-'{n~\)K. Therefore, (3) can 

be simpliibd to the form : 


-87tT^-:K8'^— I («"=I K-2. ^.K)5^ 

[A II [A 


”+* K8’' 


( 4 ) 
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which clearly shows that all the cross-components of vanish because 

r 
^ V 

0 =0 for . In particular, 


■8 xTJ="+iK ,«c.. 


where K is given by (2). Thcte will be a slight change in the R.H.S 
of (4) and (5) in the relativistic case where the ^,|’s are written with a 
negative sign. No further elucidation on this point is necessary as parti* 
cular cases have already been given by several writers. 

3. Geodesics 

Differential equations for the geodesics can be written in the form 
, t -7 dx^dx^ . . dx^dx^dx* 

“SP" + dt dt~ dt 

which for the line-element (i) further simplifies to : 

d^x' , , , dx'dx'-^9gadx'dx^dx' 

j,r+ ^i+‘Wdt7!tdT = '’’ ™ 


Also, line-element (i) is expressed as : 


fdsy 

\dtj dt dt 

which after differentiation w.r.t.t. and slight reduction yields 

d^x' dx’ ,9q,i dx'dx^ 

~di^ 'dt ^ ~dt dt dt ^ 

Hence, with the help of (9), (7) can be modified as : 


1 \-d, 


dx'dxJ 


d^x‘ __i ^x‘_ 

dt^ 

Similarly, we have 

d-x' , d’^x' dx’ dx, 


d^x’ dx'dx‘ 


dt^ dt dt 


dx’dx‘ , . 


dx' dx^ 


iP” dt nr ' n ~dt 


dx^ 

Multiplying (lo) by gm and (ii) by g,* 

the latter result from the former, we get 

/ d^x' dx'“ d^x' d3d\ 


and subtracting 


/ d^x' « 

\ ~dt^~ ' 

</;. gun - 

+ { [jh m ] 


dt dt^ dt 


d^xi' dx'dx' 
~di^ dt dt 
dxp dx'^' 

^ dt dt 


<7.1 9 a 


d^x' dx^ dx 


r J y. dr* dx* 


_ dx' 

dt dt J dt 

lx* 1 dx' 

I ^dt ' 
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The middle term on the L. H. S. of (12) vanishes on slight reduction 
and interchange of dummy sufSxes. Consequently, we obtain 

t S'- ™ ] -jj--*- 1 -JT 

f r ^ dx' d!^ \ d:^ , . 

+[»^, *] -dr)'w 

Writing p,a — gun + [jh express 

(13) in the condensed form : 

pjr=pi.x^ (14) 

• d 

where sf *— —— — • shows that pjx”^ is invariant. 

4 . Geodesic Curvature 

T Ti, — , i .\dx^ dx^ 

~ d~si+ <'=> 

define the geodesic curvature vector. The covariant component is given by 

■r, A. n i 1 r C\ 

P. =^9a -J^+3a \ dsH^ 

Then, the condition that this defines the geodesic curvature is that 

j”'*'' 

(17) can be expressed as 

dg^ dx* dx^ . r •, 7 t dx’ dx' dx^ , .. 

Remembering that [jl, + [H, ^ ] = reduce (18) to 

the simple form, viz., 

9q,i dx' dfd , r -7 ..dx' d}d dx' 

2 ^ dT It -0 •••• ('9) 

From (19), (13) and (9) we get 

( 20 ) 


References 

( 1 ) “On Isotropic Manifolds in the Theory of Relativity,” Proc. Ind. Acad. Soi., X 
4, pp. 270-278, 1939. 

( 2 ) Zoc. cU,t Equation (11), p. 276. 

It will not he out of place to note here that there is a slip in equation (14) of the paper 
cited above. On the R. H. S. of (14), l-/(t.— 1 ) slould 1 e written instead of k. {Similarly, 
a corresponding numerical correcticn is required in thesuhtequent equations. There is, 
however, no damage to the results obtained as we can write K'®=l?/(n— 1 ). 



ON INTEGRAL FUNCTIONS OF 
INFINITE ORDER 

By 

S. M. Shah^ M.A. (Lond.) 

L et f (-c) be an integral function. In a previous note* I considered 
how large log M {r)ln (r) can be for functions of finite order. I 
state here a similar result for functions of infinite order. 


Theorem Given tj; {x) any positive non decreasing function such that 
Urn log 4) (x) ^ 

^ ^ X »“0O log X * 

there exists an Integral function F {z) of infinite order for which 

lim Sup T (r, F) 

(2) r »-Q 0 (r)«(r, F) — 

lim Sup T (r,¥) 

(3) r — ^00 firpTiT^ip}- 

and an integral function f (z) of infinite order for which 
^ ^ lim inf (}) (0 T (r,/) _ ^ 

(4) y «(r,/) 

Proof : 

Let- »“ mn)]+l ^ 

B»_, } , A„= [logB„jn]+l 

f{z) and F {z) are integral function^ of infinite order and satisfy ( 4 ) 
( 2 )> ( 3 ) respectively. 


Muslim University, 

Auoarh. 

'»Bull6ti^ American Math. Soo., 46 (1940) 909 912. M (r), n (f, F—a), N (r, 

T (f) have the usual meanings, c/. E. C. Titohmarsh, Theory of Functions, 1939, Ch. 8. 
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ON THE RELATIONS BETWEEN THE LOWER 
ORDER AND THE EXPONENT OF CONVER- 
GENCE OF ZEROS OF AN INTEGRAL 
FUNCTION 


By 

S. M. Shah, m.a. (Lond.) 

1 LET P and \ denote the order and the lower order of integral 
• function / [z) and let Pj and Xj denote the exponent of conver- 
gence and the lower order of zeros of f (z)- In the usual notation 
we have 


P lint loglogM{r) Pi ^ Hm log n{r) 
k r log r ; Xi r logr 

I have proved a relation elsewhere between these four numbers for^ 
the functions of order less than one. In this note I give a number of 
examples suitably constructed so as to bring out all the possible relations 
between these four numbers. 

2. If P^-o then we have P = P^ = X = 

3. If P be positive and non-integer then P = Pi If P == X then 
P^zszk^ and conversely, we may have P=X = k^ (cos ^^tz) or 

X = Xi (Ex. i) or X > Xj (Ex. 2). We note however that given 

P and X|^ *uch that 0 <P</,o^Xi X cannot be arbitrarily 
chosen since® 


X,<X<X,/().i +1-P) 

1 S. M. Shah, The Ix)wer Order ol the ZeroH of Integral Functions, in publication in 
Indian Math. Soc. J. 

> A similar relation X ^ (^1» -whenPY 1 is noninteger, but 

I have not been able to prove it so far. It is seen from Ex. ^ that ^ ( X ^ 
be not leas [P]. 
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Ex. I, Given P { o < P < <») there exists an integral function 
/ (z) of order P for which P=Pj^>X = Xi 

Then / (z, P) isa C. P. of order P and® genus [P] for which X= 
Xi— o 

£x. 2. Given P ^ 1 there exists a C. P. of order P for 
which Xi=o; X > 0 

LetF (4:)=(i-^) exp | 4: + | / (z, P) 

where p = [P] and/ {z, P) is defined in Ex. i. F {z) is a C. P. of order 
P and genus p. We have Xj =0. Further 

AfW>KW|>l-r exp^r+...+ I^ 

Hence >>>«. It is easily seen that X = J). If we take now P 
as an integer we have — 

Ex. 3. Given positive integer P^ there exists a C. P. of order 
P for which P = Pj — X > Xi 
Ex. 4. Given P o, < P <1 there exists a G. P. of order p for 
which o<Xi<X<Pi==P 

Let ^ = 2” ^ = 1 + 

H (z) is a C. P. of order P and genus [P] for which^ 

Xi = Pji ; PI { 2- m I 

4. If P is an integer there are five alternatives.* 

(a) Pi < P then P=: X We nmy have P > /*i=Xi (Ex. 5) 
and P > Pj^ > Xi (Ex. 6). 


8 cf, S. M. Shah, Bulletin American Math. Soo., 46, 909—912 ; c. p. means canonical 
product. 

♦ G. Valiron, Lectures on the General Theory of Integral Functions, p. 69, 
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3- f ( 2 )“ ®*P (O ^ \/2 

Ex. 6 . Let 0 P and G (z) —exp (z'’)f{z. Pi) yAtetefa 

defined in Ex. i ; G (z) is of order P for which 0= < Pj <k=P 

(b) P =s: q s=z p Pj. We have 

(0 P = Xi for = 2fi y* n j (1 + j ) exp (_ -i) } 

(«) X, <X<Pfor 

J W = exp ^ I ( exp H («) | 

Where H (z) is defined in Ex. 4. J (4:) is of order P for which Xj ==PI^ 
j2-P,(l+P)l 

{«M)Xi=X<Pforl(^:)=exp^-^:-^...-^^ | (i-^) cxp^^+... 

. I ^ (^> defined in Ex. i. We haveXi = X=o 

(*») Xi < X = P for F («) = exp {zP) f {z, P) where f (z, P) is de- 
fined in Ex. I. We have Xi =o and X — P. 

(0) P^ = P = p I q a P y^e have 

(<) p = X = X, for 5^ (ii) P = X > X, (Ex. s). 

(in) P > X = X, (Ex i) (tp) P > X > Xi fEx. 4). 

Ex. 7. KM-ll, ' 

Here P = Xi = i; p = O 

Ex. 8. Ste).y 

Here Xi == P/2 ; X = Pt — P ; p = P — i; q —o 

Ex. 9. U(«) = n I I +^L^Pe„ I ; c„ 0 „= 

Here ^X = o= q I p— P — i 

((i) P, =r P = ; ^ = P — I We shall prove that P = X 

Lemma 7 ^ / (^) be of integral order P and such that Urn inf log M {r)!r^ = o 

and^ I j yjl be convergent then f {z) is of genus P — i . 

We suppose/^ 0 ) =I and hence /(-e)=P(^) exp | Q (-^) } where P {z) 
is c.p. of genuS'^ P — i and ( 2 . W a polynonual ot degree g^P- Let 



LOWER ORDER AND EXPONENT OF CONVERGENCE OF ZEROS 1 3 

.... be an indefinitely increasing sequence such that log 

R 

M (/?„) -< ^ Rn and let A; > i. The annulus-—* ^ l-cl'^Rn contains 
atleast one circle on which(6) logj P (2 j) | > — H ^og {kr) where 

M, 

Now 

Log Ml {kr) <.^k^ if r > i. if ^ ) since Rn / r 

Hence for « > wi > 

H I/M l< ^ « < ‘"S (*.)<€«;<$ i' r’’ 

I 0 W I - ioffl/WI ioglfWI , 

^ ^ 

Hence 

lim inf Max R \Q \ ^ 

T — )-oo 

And so QXz) is a polynomial of degree q^P^i which proves the lemma. 
Since by hypothesis {d)^ P= q we must have lim inf log M {r)lr^" from 
which we get P=X. 

(i) P = XJorf (z) exp (z) K (z) 

{ii) P > Xi for f {z) == exp (a') S (a) 

Where K and S are defined in Ex. 7 and 8. 

(e) Pr = P;p = P-j,,j<P 

(i) p = X - X, (Ex. 7) ; (ii) P > X = X, (Ex. 9) ; 

(in) P = X > Xi (Ex. 8) ; (iv) P > X > Xi . 

P ^2 we consider 

f (z) = (1 -z)exp i^z+ 5! I t 7 (a) 

where U {z) is defined in Ex. 9 -f{z) is c. p. of order P, genus P — i for 

which Xi=o;X = P— I 

If P=1 then let ai —2 ; d„=[ 2 '/a 7 ]; + 

/ (a) — j ^ ^nlog^ n < ^ Zogr 

, ^ 7t /j , Z 

* K < nlog^n < V«.h+i \ • « 

/(.?:) is c. p. of order I, genus zero for which Xi = 1/2; X =2/3* 

Muslim University, 

Aligarh 



8 Valiron, ?oc. cif., p. 89. 
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A CASE OF The product of certain 
DEMLO-NUMBERS 

By 

Professor M. L. Chandratreya, m.a., 

AND 

D, R. Kaprekar, b.sc., s.t.c. 



IN the article on ‘Product with Super-wonderful Demlo-Num- 
bers ’ B. U. Journal, March 1942, the product of any such 
number as == 12345678 (9)^ 87654321 with any given 


number has been put down as the result of subtracting from the 
central part of the number QT (9)„_^T . We shall show that the 


product of some demlo-numbers reduces to these products of super- 
wonderful demlo-numbers. 


(2) For this purpose we shall define one or two terms. Any demlo- 

number is of the type M P where M+P= W,,'* ^ contains K 

digits then M also contains the same theoretically, and then the quantity 
w-f A: is called the length of the demlo-number. Thus the length of the demlo- 
number 134888888754 is 6+3=9. 

It is shown in the article ‘General Expressionfor the Product of Demlo- 
Numbers,’ B. U. Journal November 1940, that any demlo-number M (r)^ P 

can be expressed as Dx(i)/ where D=(9M+r) and I is the length of 
that demlo-number. This quantity (qM+r) may be called as the demlo- 
fying number or demlofier. Thus the number given above has D= 
(9 X 134+8) — 1214, and therefore can be written as 1214X (1)9. 

(3) It is easily seen that the product of two demlo-numbers can there- 
fore be written down as DxD' X (i)/X (i)// where /, I are the lengths of 
these two numbers and D, D' are their demlofiers. The product 
(i) / X (i)/' has been discussed completely in the B. U. Journal, November 
1941, and it is shown there that when any one of / W /' is equal to nine, 
and the other equal to or greater than nine, the product is where 
^=/' + i— 9 supposing/' >/ or equal to /which is nine. Thus the product 
of two such demlo-numbers can be written down as the product of a 
number witn a super-wonderful demlo-number. 
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(4) An illustration may be given. Thus to find 
81(8), 07x1782 (4), 2662 

Here the lengths are 9 and 13 and the demlofiers are 9x81+8=737 
and 9 X 1782 +4=16042. Thus the product is 
737 X 16042 X(i), X(i)i3 

The product (i), X(i)i8 =W§ for j»=i3+i — 9 

Hence the required product reduces to 

737 X 16042 xW* =i 1822954 xWg 

Here Q,=i45962, R=32 L=395o6i728 
L' =604938271, T=394915765=L— (Q,+i) 

T'=L' +(Q,+i) =605084234 

Hence, finally subtracting Q, from the central part of Q,T (9 )m_iT' 
we get the product 

1459623949157514037605084234 

College of Fnoineerino, Poona 
Khare’s Wada, Deolali 



AN INEQUALITY IN PARTITIONS 

By 

Hansraj Gupta, m.a., ph.d. 

1 DENOTING by^ (n) the number of partitions of « into ex- 
a actly k summands, or what is the same thing, into summands 
the greatest of which is k ; the writer has shown^ in an ele- 
mentary manner that 

For values of k ^ i, 

^ ) (■) 

In the paper referred to above, this result is made to follow from the 
identity 

fit- («)- H- /*-i ( 2 ) 

In this note, I prove that 

For values of ^4, and n ^ nj- where depends upon k alone. 

(”+*) ( 3 > 

* 4 

In fact, if e be any pre-assigned positive quantity however small, 
following my argument, it could be proved that 

For values of n ^ «e, j k^ 4, 

(«+*)<(' . ( 4 ) 
Hence for large values of n, we have the asymptotic formula : 
ifcl Pit W ^ ^ ’ where 


1 In the Proo. Indian Acad. Sci., 16, 1942, pp. 101-2. 
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In what follows, we write for x i) (^—2) (x—3) . . . 

• and G (m, r) denotes the sum of the products of the first 
m natural numbers tal^n r at a time. 

2. My proof of (3) is indicated in the following lines. 

^ 5 > 

except for a finite number of values of n ; and being certain 

functions of k alone. Then since 

Pk — 0 +PhW 

^Pk 1 {^+k — i) +^ifc-i(«~i) + Pk~i (n-’A;-~i)+ . . . 

+ 0» 

where r =fn/A;l — i ; to show that 


V J 


< k lp^{n+k) < 


/ n+A — i+aA 

V J 


except for a finite number of values of n, all that we need find are suit- 
able values of and such that for every n ^ some positive integer mk^ 

Now, we notice that 

(x+A— 

= (*+1) (jt+2) (*+3) . . . (*4 -*-i)-(a:-i) (a-2) (a:-3) . . . (a— A + i) 
[A/a] 

= 2 2 G (A— I, ar— i) 

r=i 

= A (A-i) I a>:- 2+^^ ^Ari- 4 +J^g^( 3 A“- 7 A- 2 )Art -6 + ... | .(8) 
The right side of (8) is >> A (A— i) ( 

V “ / > * >4. 


Moreover, it is < A (A — i ) ^ i , 

which is < A (A-i) (H-^ +e)(‘^2) ; 

provided a e *— ( ^zlsV k\ 

\ 2 / ^ la 


. A: >4. 
^ >45 


i.e., if 
3(a) 
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In particular if e=^, the condition that (9) may hold is that 
* >72 


Thus (6) holds if at 4 




=k—2+aic—\, 


t.e. 


if at-at-i = 


k-t 


Hence 


k (k—i). 

at— 

4 

k —2 


And (7) holds if ^1.4 — ~=k— 2 +bt—i; 


so that 


4 


From (10) it appears that (3) holds if rii =0(A:*). 

Since /»! (n) = i,^2 («)=[B/a], and/>3 («) =f(«*4-3)/i2j; 
(5) holds for all values of A ^ i. 


(10) 


Government College, 
Hoshiarpur 



LECTURE NOTES 

By 

B. B. Baoi 

(1) Van der Monde’s Theorem 

T his theorem is proved in books on Algebra by the help of a certain 
theorem in the theory of Algebraic Equations. This note contains 
an elementary proof by induction. 

In the usual notation, the theorem may be stated thus : 

For all values of m and n, 

(«+k), = m,_i «! + ^2 «2 + 

Assuming the truth of the theorem for the integer r, we shall prove 
that it holds for the next integer namely r+i. 

Thus {m+n) r + 1 

= («+«), {m+n~r) ^ 

= K + C'l w,-! «i + Cl »*r_2 ”2 + • •] (m+n—r). 

Now m^, {m+n — r) = (m — r) + m^n 

”i(« + « — >■) ='”r-l ”1 +0+«r_i (”— 0 

"a- 

Similarly Wg ( m + n - r ) = ffi,_ ^ n^, 

etc. etc. 

(«+«)r^l = W.+ i + «. «i + K «l + I «2 ) 

+ (w^-i «3 + »«,_2 

= +C»’y m, «! + ”2 +••• 


3(b) 
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Now {m+n)j^ = m+n = 

Hence the theorem holds when r—i. 

Therefore it holds when r=2, etc. 

We observe that if in the Binomial Theorem 

”2 

we change the indices of m, n into suffixes we get Van der Monde’s 
Theorem. 

Applying the same process to the Multinomial Theorem 

fi I 

(m, +m2 H-mg +..)"= S m»g . . . ^ ^ 

where py r, . . , are positive integers such that />+^+r+ . . . = n, 
we get an extension of Van der Monde’s Theorem, namely, 

(OTi+ffi2 4 »i3 +..)«= 2 (nJiywa), . . . 

where py • • • are chosen as above. 


^ Equation to Cone with Given Conic for Base 

rpO find the equation to the cone whose vertex is the point ( a, (3, y ) 
* and base the conic 


/ {Xy y)'-iiax^ +2hxy+by^ +2gx+2jy-\-c==0y (i) 

This problem is solved in §63 of Bell’s* Solid Greometry, by a long and 
complicated method. A neater and shorter one is given below : 

Let {Xy Vy z) be any point on the cone and let the line joining ( Ot, ( 3 , y ) 
to {Xy yy z) meet the above conic in a point dividing the joint of these 
points in the ratio 


Thus 


( 


04 ^ P 4 -Xy 
1 4 “X , 14 “^ 


y 4-X»'\ 

T+I ) 


lies on the conic 



a 4 -X* 

14 -X 


• 34-Xy I 

j 1 4~X f 


=0 


(0. 


(2) 


and 


y +X2=o 


(3) 


When y is eliminated between (2) and (3), we get the required equa- 
tion in the form 



gg— yjf 
g—y 


|3z-y y \ 

, z-y J 


( 4 ) 
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The form given in the book may be reached as follows ; 

If F (*, y, t)^ax^ +2hxy-\-by^ 4-2gArt+2^/+ct2 
then F (a+X®, Pj+X^, /+X<) 

+ X«F(®,y,<). 

On writing a'= OC, P'=P, y* = t = l in this we get 

F (a+X®, p + Xt/, 1+X)' 

= /(a,p) + X {^%+ + y=l\ 

+ y) 

Now (2) is equivalent to 

14 -X)~o 

i.e., /( a, W+X { X +y } 

+XVCc» y)^o (5) 

Eliminating X between (3) and (5) we get the form given in the book. 


Karnatak College, 
Dharwar 



INTERPOLATION AND SUMMATION 
FORMULAS AND THE PROPERTIES 
OF FACTORIALS-I 

Dr. D. K. Sen 
§ I. INTRODUCTORY 

I ln an article “A Note on Interpolation Formulas,” published in the 
^ Jourhal of the Universit/ of Bombay, Vol. IV, Part II, 1935 , 1 advo- 
cated the use of only two interpolation formulas of Newton’s, one 
for equal and the other for unequal intervals of the argument. Atten- 
tion was also drawn to the fact that best results can be expected when 
interpolation is carried out near the middle of the effectwe interval, the 
term “effective” implying the interval defined by the data actually 
included in the formula used for calculation. Many previous writers 
have discussed the comparative merits of the various interpolation for- 
mulas. Burn and Brown write in Elements of Finite Differences : 

“Central differences, therefore, do not appear to possess any consider- 
able value, since with the same data we can quite as easily obtain the 
same results with ordinary differences.” 

“If any of the adjustments in central differences are employed there is 
always the lisk of obtaining a worse instead of a better result, as is neces- 
sarily the case in any arbitiary adjustment.” 

Fraser in his Notes published in J. I. A., Vol. 50, pp. 17-18, writes • 
‘‘Any formula which goes outside the track of the central differences 
introduces coefficients which are larger than the corresponding coeffi- 
cients of a cential differ ence formula, and the farther the formula departs 
from central differences the more does the relative magnitude of the co- 
efficients increase.” 

Again on p. 21 of his Notes, Fraser admits the necessity of a study of 
the properties of the coefficients, for “it is simply in the properties-of the 
binomial coefficients that the explanation of the value of the central 
differences is to be found.” 

The conclusions of the two preceding paragraphs were arrived at by 
Fraser from the consideration of a niunber of particular cases. There 
were no o$hei rigorously valid grounds for his assertions, or for those of 
Steffensen and Sasuly given below. 
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St^ensen {litterpolaHon, p. 41) writes, . interpolation with des-^ 
emending or ascending difierences is necessary at the loginning and end 
of a table, as central differences are not to be had there** (italics mine). 

Milne-Thomson {Calculus of Finite Differences ^ p. 58) and Sasuly {Trend 
Analysis of Statistics^ p. 30) express the same opinion as Steffensen. 

Whittaker and Robinson {Calculus of ObservationSy p. 49) have attempted 
to demonstrate the superiority of a central difference formula over New- 
ton^s formula with ordinary differences, by showing that the error in 
interpolating mar the rrtid-range with the former is less than that in inter- 
polating near the beginning with the latter. But they have overlooked the 
fact that for a true comparison of the two formulas interpolation in the 
same region was necessary. F urther, they have mentioned, without assign- 
ing any reason for the same, on p. 60, that it is best to use Stirling’s for- 
mula when— and Ifcssel’s formula when 

Sheppard (Proc. London Math. Soc., 1906, 4) writes : 

‘TTic formulae considered are the values of ^0 corresponding to 
where 0 in the ordinary formula lies between o and i, 
and in the central difference formula lies either between o and x or 
between — J and 

There is no reason advanced as to the necessity of imposing these 
limits. 


Sheppard, however, admits on p. 334 of this paper that “the advancing 
difference formula which we use for interpolating through the interval 
Xp to p+i, Q having values from o to i, would become the central 
d^srcnce formula if wc used it for interpolating through the interval 

from to A:^,+n+i, © having values from (n— i to n+J when 

differences are taken upto those of (2n)-th order, or through the interval 
from X to X 1 , 0 having values from n to «+i when differences 
are taken upto those of (2n+i)-th order,” 


In view of the above remarks one wonders why Sheppard did not 
advocate interpolation, as far as possible, near the mid-range, which- 
ever formula was being used. His insistence on different ranges of inter- 
prfation for the two types of formulas is again to be met with on p. 337 
where he says, “Suppose that through the range of x from to x,„, 
/ “ 1 (x) is approximately constant or at any rate does not vary greatly. 
Then the magnitude of the residual error depends on the magnitude of 
e (e-i) (e-2).... (e —m). This is obviously (italics mine) less when 0 is 
nearly equal to ^ m than when it is nearly equal to o; if for instance, 
f7i=5 and we are interpolating at the middle of an interval the above 
expression when we use the advancing difference formula, is 


— 1 - 1 ; 

Imt when we use the central difference formula, it is 


f . h i ^ 




which is ess than oiie-fourth of the former. 


Thus, by the use of central 
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diflSn^nces ’we may be able to exclude a term which would otherwise 
have to be included, and thus shorten our formulae.” 

As I have pointed out before, a true comparison of formulas must he 
based on results corresponding to the same region of the given interval 
and not on those which are derived in different regions as has obviously 
been done by Sheppard. 

In a second paper (Proc. London Math. Soc., 1911, lo, 149) Sheppard 
has further shown, by consideration of what he terms as the tabular 
triangle y that the error of a formula can be diminished “by replacing the 
formula by a more central one ; in other words, the central difference 
formula gives a smaller limit of tabular error than any formula of this 
kind, involving the same number of consecutive values of tt.” 

If I wish to paraphrase the above statement, it means that the more 
central the region of interpolation, the less is the error. 

These have led me to undertake a detailed study of the properties of the 
factorial-functions (or simply factorials as they are generally called) which 
play an important role in the theory of interpolation — ^and summation — 
formulas. I have then studied the latter formulas in the light of know* 
ledge thus gained and have been able to come to definite conclusions* 
I have used the notations of Steffensen throughout the present paper* 

The discussion on the interpolation formulas would, however, be in- 
complete without a few remarks about Aitken’s new process of iterated 
interpolation (Proc. Edin. Math. Soc., 1932, 56-76), although the 

present paper deals exclusively with formulas involving equal intervals 
of the argument. Aitken’s method consists of repeated linear interpo- 
lation with divided differences, firstly for pairs of values corresponding to 
b ; c ; a, d;.... ; then to triplets of values corresponding to 
by c ; fl, by d; ....; and so on. It can be seen that a value thus 
obtained at any stage corresponding to a set of given values of Xy is merely 
the Newton’s interpolation polynomial involving divided differences 
which would be obtained by the given set of values of the argument and 
those of the function. As Milne-Thomson has remarked {loc. cit,y p. 77), 
“The process is therefore completely equivalent to interpolation with 
Newton’s general divided difference formula. ... If then interpolation 
by Newton’s formula be practicable, the numbers in later columns will 
tend to equality as the work proceeds. This leads to a simplification, 
since in the linear interpolation these figures at the beginning which arc 
common to all the members of a column can be dropped. The process 
terminates when further interpolation would cease to influence the result.’* 

This method of iterated interpolation is particularly convenient when 
an arithmometer is used for calculation. The advent of this method, 
which is by the way the same as Newton’s formula for unequal intei:\^s 
(and which includes the formula for equal intervals as a special case), has 
taken away as it were, the prop of the so-called superiority of the central 
difference formulas* 

Mention might be made in this connection of a similar iterative process 
developed by Neville (Jubilee ^mmemoration Volume of Ind. Math* 
Soc., pp. 87-120). Unlike Aitken’s process where the calculatioisi 
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Start fix>m one end of the interval, Neville’s method has been developed 
in order of the nearness of the given values to the value to be interpolated, 

2. The basic formula is the identity 

/W=/(«o)+(^-^o)/(«o> fli) 

+ (^— flo) ^2)+ 

+ (•^"“^1) ®2> ® ) 

+ /?, 

where the remainder-term 

R^{x (Iq){x ai) (x — ^>1) f >• • • )• 

StefFensen has shown {loc, cit.y pp. 23-24) that 

fix, 


where denotes the (/r+O-th derivative of f{x), and 2 is some 

number lying between the ^atest and the least of x, On. 

In practical application of interpolation the remainder-term is usually 
omitted, and therefore the degree of accuracy of any interpolation for- 
mula will be judged by the magnitude of the corresponding remainder- 
term. The lemainder- terms in the various interpolation formulas are 
as follow : 


(f) Newton’s formula after (« + i) terms, 

where ^ lies between the greatest and least t- x, 0 and n, 

(it) Stirling’s formula after (2n+i) terms, 

(«. 

where ^ lies between the greatest and lca®t of x, n and n. 
{Hi) Bessel’s formula after 2 n terms. 


K= 


(2n)! 




where ^ lies between the greatest and least of x, — n-J-J and n 
(to) Everett’s first formula after 2n terms, 

(I), 

{a»)l •' 

and Everett’s second formula after (an+i) terms, 

with similar ranges of existence for 







(i^ Gaxiu't AKvaiilaii, of which (ii), (in) And («*} ace special 
iiBVe the following icniBs fw R: 


(2nH-l) I 


3. Regarding the range of values of x, it appears {Gf. the statements 
quoted in Art. i) that the previous workers have taken it for granted 
that the value of x to be used should not exceed unity, but no reason 
has been put forward as to why this should be the case. If, however, 
we examine any interpolation formula, central or otherwise, it will be 
found that x occurs in the factorials involved in each term of the for- 
mula and in the remainder-tertn. The other coefficients involve differ- 
ences of J (x) for given values of x, 0 , ± i,±i2, . . . or, ±J, . 

and are thus independent of the values of x, chosen for the purpose of 
interpolation ; they depend, however, on the length of the interval. 
Once the origin and the unit (for the scale) of x has ben settled, and 
the values of the differences are known from the table, one is at liberty 
to utilise the interpolation formula for any value of x that one likes, pro- 
vided that it is situated in the range of the given table, or slightly beyond 
it for the purpose of extrapolation. The distinction betwfe^ the for- 
mulas with central differences and those with advancing differences is 
that in the former the origin is situated near the centre of the table 
whereas in the latter it is situated at one end. 


As 1 have remarked elsewhere and as we shall see later on, the best 
results are to be obtained for values of x near the centre, although this 
value naay exceed unity, whichever interpolation formula be used. 

4. Ejffect of change of origin and the size of the interval on the accuracy of Ae 
result obtained from interpolation formulas with equal intervals, the number of 
intervals remaining the same. 

It has been remarked by Steffensen and justly so {loc, cit., p. 34), that 
it is not possible to interpolate for every function and for every range. 
Only the consideration of the magnitude of the remainder-term should 
be the criterion of applicability of an interpolation formula to a given 
problem. 

Every term of a formula except R, consists of two main factors, (i) a 
factorial, and (2) a difference ; R is also made of two principal factors, 
viz* 9 a factorial and a derivative. When a table of a function and its 
differences are given, any change of origin of x would not alter the given 
values of the function and any difference. Thus the second factor of 
every term is unaltered by this change of origin. The value of each first 
factor, however, — even of R, — undergoes the change with x,^ The 
change of origin is in fact the same as a cl^nge in the value at which inter- 
polation is to be performed without affecting the values of the other 
quantities in the formula. 

Next, we shall consider the effept of the change of the measure of the 
interval of the argument. L<et the new interval be h times the old one, 
that is, th^ new argument x* hh times that of< the old argument x. 
Sin^ Uie measures of the corresponding values of the arguments ^ the 
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same, namely x, in terms of their respective units, ihe JBrst. factor, pit., 
the factorial, retains the same value. 'Die seomid factor, however, taJtei 
up different values. The remainder*tenns which measure the com- 
parative degree of accuracy in the two cases, have only the second 
factor, tit., the derivative, affected by the change in the length of the 
intervals. For instance let 




in the first case, where A denotes the unaffected factor. And in the 
second case we shall have the value of the first derivative as 

Lt f f (xh) ^ 

^2 X^-^X^ [dx*' ^ 

Therefore, the remainder-term o. 

If the value of the n-th derivative does not change much within the 
range under consideration, the remainder-term is changed to about A® 
times the previous value. Thus we can considerably enhance the degree 
of accuracy of the interpolation formula by choosing k sufficiently small. 
On the other hand, if h be large enough, the error in the interpolated 
result would be great enough to make interpolation useless. 

Example , — Find an upper limit to the length of an interval so that 
the error after taking three terms of Newton’s formula would be less than 

.0001, for > the number of intervals being four. 

Let the length of each interval be A ; so that the four intervals are 
defined by the end-values o. A, 2A, 3A. 

Here 


It will be found that the maximum value of xW in the interval (o, 2} 

. . 2 ^/ 3 . 

or, even in a slightly greater interval, is 
urther, (x) - ' <24 x < 72A. 


Further,/"' (x). 


^24 X <; 72A. 


Therefore, R<— - 

The given condition will clearly be satisfied if .0001, or, 

•068 nearly. 

It is easy to see that the above value will do for interpolation involving 
larger number of intervals than 4. ^ ' 

A table of maximum Values of like the one given in this ’ pamper 
JiDter on^ wiU.be useful for solving problems -of flhis toatuit. a ^ / 
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§ a. PROPERTIES OF FACTTORIAL-FUNCTIONS 
a* We shall use the notation Fn {x) for the product 
X (;i:— i) (^—2) 

This is a polyncwnial of degree (n+i), vanishing at the (a+x) points, 
I, 2, . . a, and changing sign at each of these points. It re- 
tains the same sign in any interval (r, r+i) where r is zero or a positive 
integer not greater than (a—i). We are here mainly concerned in the 
behaviour of this function from a:=o to x^n. Its graph is, in the above 
region, of a wavy form cutting the Ar-axis at the points, o. i, 2, . . , n. 
Thus the function has a maximum oidinate, irrespective of sign, in each 
of the sub-intervals (r, r+i). 

It is at once evident that when n is odd 

F„ («-x)=Fn W, 

and so the function is symmetrical about the ordinate at the middle point 
x—\n. 

And, when n is even 

Fh (n— F,, ( x ), 

showing that the function is symmetrical about the middle point x^\n^ 

6. From the expression for the derivative, F'n (a:), we get 

F'.(n~r) =(~i)^.F'„(r), 

and 1 F'„ (o) I > I F'„ (0 1 > I F'„ (2) 1 - - . . > ] F'. (r) ] 

so long as r > The graph of F» (^) thus cuts the ;if-axis at smaller and 
smaller angles as we proceed from each end towards the centre of the 
complete interval (o, n). Since the length of each of the sub-intervals 
(r, r+i) is the same, the above indicates that the giaph of Fn {x) will 
have less and less deviation from the A:-axis as we proceed from one in- 
terval to the next towards the central sub-interval. 

7. Further, F, (^+i) and Fn {x) have opposite signs when x lies in 
(o, «), The ratio 

F» (x+i) x+i 

F„(a:) n— X 

is less in magnitude than unity so long as x+i<Cn--x, or as x<d(n^i). 
This demonstrates that ( F,, (x+i) 1 <1 F^ (x) | as one proceeds to the 
middle of the interval (o, n). Again 

W+F/i(^+i)^2x(Ar— i) (a:— n+i) (a:— 

is really the difference in magnitudes of the two quantities Fn (x) and 
F^ A study of the signs of the right-hand side and those of F» (a?) 
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and F» (^+ 1), for different values of n and will agrain lead to the result 

that 1 ix+i) 1 < 1 Fh W 1 , if x<i {n^i). 

Taking this result in conjunction with that of the previous article, one 
can assert that the ma^tude of the maximum ordinate of j^=Fn {x) 
decreases from one sub-interval (r, f+i) to another sub-interval nearer 
(or coincident with) the central one (or ones). 

8. Ditermination of the locations and the values of the greatest and the least 
of file maximum ordinates of¥n (x) in the range (o, n). 

(») When n Ls odd (=2m+i), it is evident that the least of the maxi- 
mum ordinates will occur at the centre, a:=J n, of the given range, and 
that its value is 

F2,„+i(m+i), or, * 

(«) It is in general impossible to evaluate the exact values of x corres- 
ponding to the other maximum ordinates since they are the roots of an 
equation of degree n, etc., 

F'n(x)=a. (i) 

Turning first to the greatest, we know that it lies in the first-interval 
(o, i). We therefore subdivide this into ten equal parts and try to 
determine in which of the smaller intervals the required root lies. We 
have 


I dVn I 
dx ^ X 


' \ I 

I — X 2 — X 


+ 



(a) 


In the interval (o, i), Fn (;c) has the same sign and hence the root of the 
equation F'« (;k:)=o can be located by finding when the sign of the 
right-hand side of (2) changes. 


When =0 . 5, the right-hand side is clearly negative. And, when x is 
very small, n remaining finite, the first term is large enough to make the 
right-hand side positive. The required root thus lies in (o, 0.5). 

When n=i, this root is at x^o.^, and the greatest value of Fi {x) 
is 0.25. 


We shall now determine upto what value of n (>i), the root will lie 
in the interval (0.4, 0.5). We have, therefore, to find upto what value 
of n the right-hand side of (2) remains positive when ^=0.4 ; that is, 
how far xo[J— (J+XV+2V+ ^ terms)] 

will be positive. It is clear that n must be 2. Jn fact this root is i — 
and the value of the maximum ordinate is J 

Similar procedure assisted by actual summation (which is not laborious 
in these cases) shows that the root of (1) lies in the interval 

(1) (0.3, 0.4) when 2<«<8 ; and 


(if) (0.2, 0.3) when 8<«^55. 



rm 


Laitly, w try to find upto whut ttlw of n (>55) root of (1) will 
bo between . i and a;«. 2 . Hero hove to doteniiinc the >«Juc of 
;i ^to which 

io[i ~{1+T¥+ ' +. .. to « terms)] (3) 

will remain positive. The series in ( ) is a divergent series but a slowly 
divergent one. This makes the actual summation process very tedious* 
To avoid this we take the help of the convergent sequence (u» ) defined by 

“Un +i+i+* • * • 

It is known that o<u»<;i, that (u») is a descending sequence and that 
its limit is the Euler’s constant^ !*, whose value is known to be 
0.57721566. . t We can therefore put 

I +i+J + * • • • =log n+J^+c . {4) 

where c is a positive number tending to zero when n tends to infinity. 
We have 

(^4 T6 + - •• to ” terms) (i+i+» •• 

or, >tV (log «+/+e )• 

The series ontheleft-hand side will surely exceed i, if log «+/+ g ^ 10, 
or, log 11^9.4227843. . .neglecting e for the time being. This leads 
to n^ 12367 to the nearest integer. Again for 



Putting a=o, 10, 20. . .in succession and summing upto n terms we get 
(J +Ti> +“«to w terms) (i +J + . . . . +~) 
or, <tV (log 2 «+y+e); 

the series on the left-hand side will certainly be less than i if log 2w+T+g 
’^lo. Neglecting s, as before, we get a-<6i84 to the nearest integer. 
It will be our next endeavour to narrow down the limits for n by a con- 
siderable extent. 

Although the value of / has been calculated to several decimal places, 
I have not been able to find any reference as to the manner in which 
c approaches zero. The value of g in the neighbourhood of a =10,000 
is specially needed here. I have therefi)re been obliged to calculate 
the values of g for a scries of incrcaang values of a, and the results are 
arranged in the following table. ^ 
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Table I 


^i»I 

No. 

n 

i+H 


e 

Sx»/110 

r- 

1 

50 

4.409 

2052 

0.0099 

656 

0,0045 

208 

2 

110 

5.282 

2373 

.0045 

413 

.0045 

413 

3 

220 

5.073 

1177 

.0022 

745 

.0045 

400 

4 

330 

6.377 

8262 

.0015 

280 

.0045 

840 

5 

440 

6.665 

1277 

.0011 

373 

.0045 

492 

6 

550 

6.888 

0454 

.0009 

176 

.0045 

880 

7 

660 

7.070 

2170 

.0007 

617 

.0045 

702 

8 

770 

7.224 

2507 

.0006 

536 

.0045 

752 

9 

880 

7.357 

7103 i 

.0005 

727 

.0045 

816 

10 

090 

7.475 

4203 

.0005 

087 

.0015 

783 

11 

uoo 

7.580 

7377 

.0004 

566 

.0045 

660 

12 

1210 

7.676 

0072 

.0004 

150 

.0005 

749 

13 

2400 

8.360 

6487 

.0002 

002 

.0045 

644 

14 

3700 

8.793 

4422 

.0001 

386 

.0046 

618 


The above gives reliable results upto 5 decimals ; the last two figures 
are to be regarded as estimates towards further approximation. 

The last column of the table gives an interesting result. ^ It shows that 
£ varies almost inversely as n. I have used these data in drawing an 
£ -« curve, and from this trend-line I have tried to form an estimate of 
£ for «= 10,000 or thereabouts. I realize that 10,000 is far removed 
from the last figure, viz^y 3,700, of the Table, but still the result of the last 
colimm makes me feel that I am not far from the true value when I 
estimate c that will be about 0.0* 5, or (T+e) will be .577266 upto 
six decimals. 

We now return to our problem. The sum of the series ( Ijr + . • . 
to 1,200 terms), is found to be 0.7845335* Now, ^ -j... .to ni 
terms 

“1“ 19.. ^ ^ 12009 12019 (^1 1200) 

terms j 

> (i + — +' TI999) + 1*0 (^ + i + • • • + “I 
— 1^0 (1 + i +• • • + laoo )» 

or. >o* 78*4 5335 + iV + y+8)-0.766 7712. 

Let ni be such that the right-hand sidc=i ; that is, 

l*gni -j-y + c = 9.822377. 


( 6 ) 








8* 
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Then the series (3) will be negative When n ^ nj.. 

Again, with the help of (5) we have ^ -j- ^ ... to n^ terms 

■^ ( i "i" 1?? "!“•••"[* 1 1999 ) ”h i 1 12005 ~f“ 13010 “1“ 12015 
+ 12L + • • • (2nj, - 3400) terms}, 

< ( I + iV 4* — + u^)+ (1 + i + • • • 

2 n^ terms) — ^ , to 2400 terms) 

or, <0.7845335 + (log 2nj, 4. y -j- e) -0.8360649. 

By putting the right-hand sidc = i, we get 

log2n2 + y 4 g= 10*515314. (7) 

And the series will be positive when n ^n^ . 

Subtracting (6) from (7) we get 
2n 

log —-^=.692937 nearly, 

2n 

whence — - =1.99958. 

"1 

Therefore, — =-99979>or, approximately. 

If the n’s are in the neighbourhood of 10,000, then nx — n2 =2. Since 
the required value of n satisfies the condition <.n <nx, it is evident 
that we must have 


n=sni — i=n2 +i* 

If we put (y + e )==o 577266 in (6) and (7), we get nx =10354, and 
n2 = 10352 upto the nearest integers. Hence we arrive at the result 
that the maximum ordinate of F,i(^) will lie in the range (o.i, 0.2) 
when 55 < « < 10353. 

It is then evident that for n ^ 10354, the maximum ordinate will 
correspond to values of x lying between x=o and ;i;=* i. 

(«t) Let us now search for the smallest of the maximum ordinates of 
Fh ( x ) when n is even and =2m. It follows from the symmetry of the 
graph about the point .Y=m that there are two corresponding values 
of^ in this case, one in the interval {m — i, m) and the other in (m, m+i). 
In order to locate the latter it is convenient first to change the origin to 
Put x~x'+m\ then we have to determine the maximum 
ordinate *of F2m {x' +m) when x' lies between o and i. We have here 


1 2x' i — 4 ?: 

Fa„ dx X' U2_j:'a 4-2a_a5'a 


+ ...+ 




We know that the series 


I 

»' 



1 

1 * 




= 7 t cot nx\ 


Therefore, when x'=i, this series has zero for its sum, whence it follows 
that 


nr|+2n::j + --+^<*- 
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Therefore, the right-hand side trf (8) is positive for Thb can be 

seen to be a negative quantity, for m^i and / = 0.6. Hence this 
changes sign as x' increases from 0 . 5 to o . 6. The smallest of the maxi- 
ma ordinates of F2 «i(x) lies therefore in the range (m+0.5, m-ho.6). 

(to) Asymptotic expressions when n is very large. 


F,. (*-+m)= (-1)- (m!)». ) ('-?)■■ 

(- 5 ). 

Therefore when m is very large, we have by Stirling’s theorem, 


1)’". sin tzx'. 

Hence the least of the maximum ordinates — i)^, 2 fn 2»t+i 

since for the maximum value when m od. The above 

expression becomes 


{— 1)W2. 2 e-". (^) 


( 9 ) 


in terms of n. And it is easy to see that the value of the least maximum 
ordinate when n is odd is also equivalent to this expression when n is 

1 

very large, except for the first factor which becomes ( — i) 2 • 


We have seen that the root of F„ ' (:v) =o, which lies between o and i , 

tends to zero when n >“00 , and that this tending to zero is as slow as 

that of the infinite series 2 . For approximate purposes we can thus put 

the root to be equal to Xju, when n is very h^rge, X being some finite 
quantity. Hence an estimate of the greatest maximum ordinate of Fn (x) 


will beF 


(0 


(- 


by Stirling’s theorem, 
ratio 

jgrealest max. I X V' 27 t^ 2 ” 


■1)’’X(«-1)!' — ^(-1)''XV ^ TC.rt"",(io) 

Therefore, for very large an estimate of the 


max. 


, 3/2 


(") 


|least 

a quantity which is very large and tends to infinity with 

The area under the curves =Frt(;c) in the interval (o, i) is intermediate 
in value between the area of the triangle on the x-axis, whose vertex is 
the point of maximum ordinate, and the area of the trapezium whose 
three sides are the tangents to the curve at x=o, at the p>qint of maximum 
ordinate and at x=i. That is, J m„ < area under the curve 

1 . 1 


i [2 -|j 




.|F„' (0)r IF/ (1)1. 

where mn represents the magnitude of the maximum ordinate ; or, 
J mn <C area under the curve < 4 nin [2- nin]. 



H jouaxA or -immivBBSfiY or BOHMir 

Tlimsfore, m, <i, or, m,< ~ <(n—i) !. Comparing tlus irith. 
(lo), Mn see that | X | < 1 . 

Further, if X depends on n so that we may write it as X (n), it will 
appear from (15) and (17a) that we must have 

Lt. X (»4~I) _| 

«-^00 X (ffl) 

(v) I have calculated the approximate magnitudes of the maximuna 
ordinates of F„(x) upto n=io, and the results are arranged in the follow- 
ing Table. 


Table II 


ft 

No. of 
diff. max. 
ordinates 

Correa. 
Values 
of X 

lilagnitucLes 
of the max. 
ordinates 

Ratios to 
the least 
max. 

Suooess. 
ratios of 
the mas. 

1 

One 

0.6 

0.26 

, , 


2 

One 

0.42206 

0.3849 

.. 

• • 

3 

Two 

0.374 

0.9997 

1.79 

1.79- 



1.6 

0.6826 



4 

Two 

0.361 


2.56 

2.65^ 



1.460 




6 

Three 

0.3341 

10.8973 

4.80 

3.34 



1.4268 

5.0489 

1.44 

1.44 



2.6 

3.515 



6 

Three 

0.321 

95.8413 

7.75 

4.14^ 



1 .4043 

23.149 

1.87 

1.87 



2.409 

12.3587 



7 

Four 

0.310 

640.001 

14.88 

4.94 



1.3807 

129.738 

3.01 

2.31 



2.4462 

60.1371 

1.30 

1.30- 



3.5 

43.0004 



8 

Four 

' 0.3000 

4929.2 

25.. 37 

6.74 



1.3710 

858.88 

4.42 

2.75- 



2.4272 

312.298 

l.Ol 

1.61 



3.4706 

194.307 



9 I 

Five 

0.2923 

49200.9 

49.19 

6.8^ 



1 ..3607 

6655.08 

7.51 




2.4124 

2069.02 

2.30 

1.91 



3.4667 

1076.1 

1.23 

1.2^^ 



4.6 

872.1 



10 

Five 

0.2848 

416613.3 

80.70 

7.35 



1.3407 

60061.98 

11.79 

3.6^ 



2.3998 

16804.6 

3.26 

2.21 



3.441 

7042.31 

1.47 

1.47 


« 

4.4809 

4804.87 















nnsikPAMa'ioif^ and suiounnoN fqsihjlas 


. Q. Ratio q/* Ae greatest to the least magrdtudes of maximm of 

Fb(*). — ^F rom a study of the last two columns of Table II it will appi^ 
that the ratio of the greatest to the least of the maximum increases ^uite 
rapidly as n increases, and that the successive ratios all increase with n. 
Let us put 

_ I yeatest max, of Fb(x) | 

I least max. of F,.(*) | 

(i) Letn be odd,=2m4-i, and let|F2B,n (5)|and|F2m-i (60|bc 
the greatest magnitudes of the maximum ordinates of the two functions 
F2 »+i (x) and F2ra-i (x). Then it is evident from (3) that 
Each is less than .3 when m ^5, less than .2 when m’^26, and less than 
.1 when m^5i77- We shall have 

_ 4 (2m+l-g0(2m- g-) I 

P2»-i (2m+l)* |F2,..i(a')| 

^ 4 j4m*+(l-2^' (1-^' ){ 

> (2m+l)* 

^ 2m(l+2|' )+l+6' (1-^') , . 

>4 mCm+T) 

When m>5, <-3 5 and (i— )<o. 25<2.2. Therefore, 

Next, for wi> 28, ^'<0.2, and (i — ^')<i.8. 

Therefore, this ratio>j. ^ or 3.9, for m^28. 

Finally for m>5i77, ^'<.i and ^'(i— ^')<i.4. 

Therefore, the ratio>4 ^ or 3.99951. 

771 

Again, we can put 

P2»,+. 4 (2»«_+i^6) (2'«-a) I 1 

P2,„_,-(2m+l)^’ , (!') I 

(2m+l -5) (2w-^). 

iitll 

The right-hand side is obviou'ly ■< <4. Combining this with 

(13) we get 

3.2 ^ Paw+i ^ 

P 

This shows that when m ^ oo , — ■ > 4, ( 1 5) 

A am— I 

[^. (lOl. 
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’ (it) Let n be cvcn,:^2m, and let | F2»»(^) 1 and | Fam-a(£') | be the 
latest magnitudes of the maximum ordinates of the two functions 
FamW and Fam-aC^if). Then ^ and will satisfy similar conditions 
as before. Further, let | F2w(m+C) I Rnd| Fam— a(m — i+CO I be the 
least magnitudes of the maximum ordinates of the two functions res- 
pectively. Then both lie between 0.5 and 0.6, as has been 

proved before, 

{2m-^'){2m-l -$')! {m-l +C' ) 

Po„-a " F2„.(a' )|(m2-C*)|Fa.,..a '(^w-l + OI 

( 2 w»— 5 ') ( 2 w— 1 — 3 ') . ( 2 »w— . 3 )( 2 m— 1 . 3 ) 

> m2 -(a > 

by replacing by .3 and ^ by Thus the ratio > , 

171 

or, 4— 3 -^ >3-46. ifffi ^ 6. 

’ m 

In the same way, it can be shown that the ratio will exceed 3.9 for 
m>29 and 3.99934 for Again since 

Pam {2m-^){2m-l-^)\F„n-2(mFam(m-\-C M 
Pam-*- |F2m-a {^') | (»«" “C'*) I Fam (m + Cjl ’ 

(2m— 0 (2m— 1 — ^) 2m (2m— 1 ) 

< m2— (2 < - <4. 

Hence we see that this ratio too is subject to the same restrictions, viz., 
(14) and (>5).asJ“-^. 


(m) If we consider the ratio of the consecutive P’s, viz., 
Pam+i /Pam, it can be shown that 


Pam+i ^ 2m+.7 ^ 0.3 ^ 0.3 

Pam ^ m+i ’ m + l > 'm ’ 

(16) 

For 5 the ratio is seen to he greater than i .94. 

This ratio is also 

2m4-l 0.2 1 

(> 7 ) 

Thus, 


OJ— L > ^“”'^-‘>0 

‘ 5 m Pam “ m * 

(17a) 

Similarly one can show that 


2— ^ >2 ^ 

2wi-f-l Pam— 1 2,W> 

(i?b) 


Hence, when m ►•<» , the ratio tends to 2 [Of . (u)]. 

{To be continued) 


Rajakam College, 
Kolhapur 



DETERMINATION OF THE SPACE GROUPS 
OFTHECRYSTALSOFDIPHENYL-BENZAMIDE 
AND ANISIC ACID 

By 

R. K. Rokade, R. H. Khabama and M. R. Kapadia 
Abstract 

C RYSTALS of Diphenyl-Benzamide and Anisic acid have been 
studied by the rotating crystal method. The dimensions of the 
unit cell, the number of molecules in the cell and the space groups 
to which the crystals belong are determined. 

(A) Diphenyl-Benzamide 

The crystals of Diphenyl-Benzamide develop c(ooi), a(ioo), p{iio), 
b{oio) and e(oii) faces. The crystals belong to the rhombic class and 
the axial ratio is 

a:b:c =0.9501 : i : 0.324. 


{cf. Groth, Chem. Kristallg., V, p. 305). 

In this investigation, the crystals of Diphenyl-Benzamide were pre- 
pared by the slow evaporation of the solution of the substance in absolute 
ethyl alcohol. Rotation and oscillation photographs were taken about 
a, b, and c axes using Cu, A'-radiation. 

The lengths of the axes as determined from rotation photographs 
(Plates, I, II and III) are fl=i7.65A®, 4=9.060 A® and f =17.96 A®. 
The axial ratio, therefore, is a : 4 : £=1.953 : i : 1.9^. The ratio 
a : 4 is doubled and r : 4 is six times as that given in Groth {loc. cit.). 
The number of molecules in the unit cell as calculated from the above 
values and the specific gravity of the crystals 1.273 determined by the 
floatation method is nearly 8 (exactly 8.067). The indices of the planes 
appearing in the various oscillation photographs were obtained by the aid 
of Bernal’s Chart. The intensities of the planes were determined by 
eye estimation and the symbols used have the usual meaning. The lis^ 
of planes observed is given in Tables I and II. 

Q 
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Table I 


Axial Planes 

Prism Planes (okl) 

Prism Planes (hoi) 

Prism Planes (hko) 

002 v.g. 

021 B. 

102 m.s. 

210 v.s. 

004 m.s. 

022 s. 

104 m. 

220 v.s. 

006 m.s. 

023 m. 

106 w. 

230 m.8. 

008 m.s. 

024 8. 

202 m.s. 

240 m. 

020 v.s. 

026 8. 

204 m. 

250 w. 

400 m.s. 

026 w. 

206 m. 

410 m.s. 

200 v.s. 

041 w. 

302 m. 

420 8. 

400 m.s. 

042 m. 

304 s. 

430 m. 

600 m. 

043 m. 

306 w. 

440 m.s. 

800 w.m. 

044 w. 

308 m. 

450 v.w. 


045 v.w. 

402 s. 

610 s. 



406 w. 

620 w. 



602 8. 

630 m.s. 


1 

506 8. 

810 m. 


1 

602 m.s. 



004 8. 




704 m.s. 



Table II 
General Planes 


Ill w.m. 

211 m. 

311 w. 

411 m. 

611 m.s. 

711 v.w. 

112 w.m. 

212 m. 

312 v.s. 

412 8. 

613 m.s. 

712 w.m. 

113 8. 

214 m. 

313 m.s. 

413 m.s. 

616 m s. 

716 v.w. 

114 v.s. 

215 v.w. 

316 v.w. 

414 8. 

621 s. 

722 m.s. 

116 m. 

216 w.m. 

318 m. 

416 m. 

622 \. 8 . 

726 v.w. 

117 m. 

217 v.w. 

321 v.w. 

418 w.m. 1 

623 m. 

727 v.w.- 

118 m. 

221 8. 

322 m. 

421 s. 

626 v.w 

811 v.w. 

1 

121 m. 

222 8. 

323 m.s. 

422 m.s. 

627 w. 

812 v.w. 

122 m.s. 

223 s. 

* 324 v.w. 

431 w.m. 

631 m. 

1 814 w. 

123 B. 

*224 m.s. 

j 325 v.w. 

4.32 m.s. 

633 v.w. 

821 v.w. 
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Table II — contd» 


124 m.8. 

226 v.w. 

326 v.w. 

433 w.m. 

635 v.w. 

831 v.w. 

12€ m.fi. 

226 v.w. 

327 v.w. 

441 w.m. 

636 v.w. 

911 v.w. 

120 w. 

231 m.s. 

333 m. 

511 m.R. 

641 v.w. 

912 v.w. 

127 w. 

232 9 . 

342 w. 

512 m.s. 


914 w. 

131 w. 

233 m. 

343 w.m. 

513 m.s. 



133 w.m. 

234 m. 

346 w.m. 

514 v.w. 



1.36 v.w. 

235 v.w. 


615 m. 



137 v.w. 

241 v.w. 


610 v.w. 



141 w. 

242 v.w. 


517 w. 


• 

142 m. 

243 v.w. 


621 8. 



144 m. 

244 v.w. 


522 m. 



145 w. 

245 w.m. 


633 ni. 



246 w.m. 


634 v.w. 





641 w. 






644 v.w. 










It will be seen from the list of planes that {hd) planes are halved when 
I is odd, {okl) planes are halved when k is odd and Qiko) planes are halved 
when h is odd. There are no halvings in the general planes. These 
halvings assign the crystals of Diphenyl-Benzamide to the space group 
Qh} '' of the rhombic bipyramidal class, {cf. As t bury and Yardley, Phil. 
Trans., 1924, A, 224, 235). The number of molecules required by the 
space group is 8. Thus the molecules of Diphenyl-Benzamide are 
asymmetric. 


(B) Anisic Acid 

The crystals of anisic acid develop a (100), 4 (oio), r(ooi), m(iio) 
and 0(1 1 1) faces. The crystals belong to the monoclinic prismatic class 
and the axial ratio a \ h :r=i.5497 : i : 0.3615 ; ( 5 = 98 ° 26 '. {cf. 
Groth, Chem. Kristallg., IV, p. 504). In this investigation the crystals 
of anisic acid were prepared by the slow evaporation of the solution of the 
substance in absolute alcohol. Rotation and oscillation photographs 
were taken about b and c axes using Cm, JT-radiation. The lengths 
of the axes as determined from the rotation photographs (Plates, IV, V 
and VI) are a=i6.94 A°, ^ = 10.94 A® and r=3.953*^A''. The axial 
ratio, therefore, is a \ b : r= 1.548 : i : 0.3614. This agrees well with 
that given in Groth {loc. cit.). The number of molecules in the unit cell 
as calculated from the above values and the specific gravity (1.385) of 
thec^tals determined bythe floatation method is nearly 4 (exactly 3.978). 
The indices and intensities of the planes appearing in various oscillation 
photographs are obtained as in the case of the crystals of Diphenyl- 
Benzamide. The list of planes observed is given in Tables III and IV. 
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Table III 


Axial Planes 

Prism Planes (hoi) 

Prism Planes (okl) | 

1 

Prism Planes (hko) 

002 B. 

101 V.S. 

oil B. ^ 

110 s. 

020 s. 

101 v.g. 

012 w. ' 

120 V.S. 

040 m.B. 

202 m.8. 

021 v.w. j 

130 m.8. 

060 w. 

202 m. 

022 w.m. 

140 m.8. 

200 V.S. 

301 8. 

031 w. 

150 m.B. 

600 m. 

301 w. 

032 v.w. 

210 V.8. 

800 w! 

402 w.m. 

041 m. 

220 m.B. 


601 w.m. 

051 v.w. 

230 m.8. 


701 m. 


240 m. 


701 m. 


250 m.8. 


001 m.8. 


320 m.8. 




340 m.8. 




350 m. 




410 w.m. 




420 m.s. 




430 m.s. 


1 


440 8. 




450 m. 




510 8. 




520 m. . 




530 m.B. 




540 8. 




550 m.s. 




610 v.w. 


• • • • 


620 8. 


1 


640 w.m. 




710 8. 


. . • 


720 w.m. 




730 v.w 




810 w.m. 

.... 



820 w. 

«« 1 



910 v.w. 







Plate III. c Axis 

Rotation Fhotooraphs of Diphenyl Benzamide 







Plate IV. a A\i 



Plato V. b Axis 


I# * I 





^ 'I . 



Plate VI. 0 Axis 

Rotation Photographs of Anisic Acid 
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Table IV 
General Planes 






III V.8. 

311 m.8. 

611 w.m. 

711 s. 

111 v.s. 

311 8. 

611 w.m. 

711 w.m. 

112 m. 

312 v.w. 

521 w. 

721 w. 

121 8. 

321 m.s. 

621 v.w. 

721 w. 





122 m. 

321 m. 

631 v.w. 

731 w. 

121 w. 

322 w.m. 

532 w.m. 

731 w.m. 

122 m.R. 

331 wm. 

631 w. 

741 v.w. 





131 B. 

331 w.m. 

641 m. 

811 v.w. 

131 m.8. 

332 w. 

641 w.m. 

811 v.w. 





141 m.B. 

341 w. 

561 m. 

821 v.w. 

141 m. 

341 v.w. 

611 v.s. 

831 V. w. 





151 v.w. 

361 w. 

611 m.s. 

911 v.w. 

161 w.m. 

361 v.w. 

621 w.m. 

921 v.w. 

2lf m.8. 

411 m. 

621 v.w. 




— 


212 m.s. 

412 m. 

631 w. 


211 8. 

411 w.m. 

631 ' w. 


212 m.8. 

412 m. 

641 m.s. 

.... 

221 8. 

421 w.m. 

641 m. 

— 

222 m. 

421 v.w. 



221 8. 

422 v.w. 


.... 

222 m. 

431 m. 


— 

231 m. 

431 w.m. 


.... 

231 m.s. 

432 v.w. 


— 

232 w.m. 

441 w. 


.... 

241 m.8. 

441 v.w. 



241 v.w. 

461 w.m. 

t .... 

*■ 

251 v.w. 

451 v.w. 


.... 

261 w. 

.... 


.. . 


It will be seen from the list of planes that [twl) planes are halved when 
(A+/) is odd, and (oio) is also halved. These halvings assign the cry- 
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stalsof anisic acid to the space group (7*A. (^. Astbury and Yardle^ 
Trans., 1924, A, 224, 230). The number of molecules required by the 
space group is four. Thus the molecules of anisic acid are asymmetric. 

In accordance with the observed halvings there will be a molecule 
situated at the centre of the a — c face. This arrangement is usually dis- 
allowed in the monoclinic and triclinic crystals. It is, thercfore,ncces- 
sary to determine a new set of axes to define the true unit cell. The re- 
lation between the crystallographic and the true unit cells is obtained 
as in the case of the crystals of />-Aminobenzoic acid, {cf, J. Bom. Univ., 
Vol. VIII, Part 3, Nov. 1939). 

The dimensions of the true unit cell are : — 

fl=i6.82 A°, A=io. 94A% r=3-953A®, (3=94'' 54'* 

This gives the axial ratio to be 1.538 : i : 0.3614. 

The planes observed in the oscillation photographs about the crystal- 
lographic a, b and c axes have been converted with reference to the new 
axes and are shown in Tables V and VI. 

Table V 


Axial Pianos 


Prism Planes (hoi) 


Prism Planes (okl) 


Prism Planes (hko) 
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Table V^contd. 



Table VI 
General Planes 







111 8. 

311 8. 

511 w.m. 


711 m.s. 

Ill m.s. 

312 m. 

512 v.w. 


711 v.w. 

121 v.w. 

311 m. 

511 v.s. 


721 w. 

122 m. 

32r 8. 1 

521 v.w. 


721 v.w. 

121 8. 

322 m.s. 

522 w.m. 


731 v.w. 

131 w. 

321 w.m. 

521 w.m. 


731 v.w. 

131 m. 

331 m.s. 

531 w.m. 


741 m. 

I 4 I m. 

331 m. 

532 w. 

- 

81T w.m. 

141 m.s. 

332 w.m. 

531 w. 


811 v.w. 

151 v.w. 

341 v.w. 

641 v.w. 


82I w. 

161 v.w. 

341 w. 

541 m.B. 

i 

821 v.w. 
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Table VI — contd. 




7 ~ — 


2 li v.g. 

351 w. 

551 v.w. 

831 w.m. 

2J2 w. 

351 w.m. 

611 w.m. 

911 v.w. 

211 m.8. 

411 8. 

612 m. 

.... 

212 m. 

412 m.8. 

611 8. 

— 

221 w. 

411 w.m. 

621 v.w. 


222 w.m. 

421 m. 

822 v.w. 


221 m.8. 

422 m. 

621 w.n. 


23I m.B. 

421 w. 

631 w. 


232 v.w. 

431 w.m. 

632 v.w. 


231 w.m. 

432 w.m. 

631 w. 


241 m. 

431 v.w. 

641 w.m. 


241 w. 

441 v.w. 

641 v.w. 


251 w.m. 

441 m. 

651 m. 


251 w. 

451 v.w. 




It will be seen from these tables that the planes {hoi) are halved when 
h is odd and the crystals belong to the same space group CJA as obtained 
before. Further the number of molecules in the unit cell is 4 . 


The authors are thankful to Dr. Mata Prasad, D.Sc., F.I.C., for his 
guidance and help. 
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EFFECT OF METEOROLOGICAL 
CONDITIONS 

On the Electrical Conductivity of Air at Colaba (Bombay) 

By 

S. M, Mukherjee, m.sc. 

Summary 

D ata of electrical conductivity of the air at Colaba measured with 
a Gerdien apparatus during 1935-36 are correlated with the 
meteorological conditions prevailing at the time of obse^ation. 
It is found that conductivity is much more dependent on wind direction 
during the dry months November to April than during the period May 
to October, This is explained as being due to the difference in the 
nature and concentration of pollution such as smoke, dust and products 
of combustion from the commercial and industrial parts of the city 
during the former period and sea spray and salt nuclei in the latter. 
When dust is raised in the air by wind, it increases the conductivity, the 
value being greater at a height of about 50 feet above ground than 
near it. Improvement of visibility goes hand in hand with increase of 
conductivity and vice versa. During rain, negative conductivity increases 
rapidly with intensity of rainfall but positive conductivity remains 
practically steady and somewhat below its normal value. The diurnal 
and seasonal variations of conductivity and visibility in Bombay are 
found to be similar. The conductivity is greater after than during rain. 
The best time of the day for regular daily observations of air conductivity 
at Colaba is discussed. 

Introduction 

Observations of electrical conductivity of air at the Colaba Obser- 
vatory were carried out during 1935-36 with a Gerdien apparatus on 
the top floor of the balloon tower of the observatory which is 23 meters 
above ground and of area 3 . 3 m X 3 . i m. A discussion of the diurnal 
and annual variation of the element during electrically quiet days has 
been already published^. In the present note, the values of con** 
ductivity are correlated with those of meteorological elements. 

To explain the effect of wind on atmospheric electric conditions at 
the observatory, a sketch map of Colaba and its environs is useful and is 
given in Figure 1. 

6 
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Fig. X. Environs of Colaba Observatory 


I. Effect of Wind . — ^For the purpose of this analysis, the year is divided 
into two periods — dry and humid. The dry period includes the months 
November to April and the humid period, May to October. 

Data relating to changes of conductivity with wind direction are given 
in Tables i (a, b) and those with wind velocity in Tables 2 (a, b). The 
values given in the Tables are the means of those observed under the 
specified conditions. The numbers in the last row represent the total 
number of observations, 
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Table I 

Variation of Conductivity with Wind Direction 
' (Unit of Conductivity = 10 ““^ E.S.U.) 

(fl) Dry Period {November to April) 


Wind Direction 

(i) 

NNK-E 

(2) 

N ami ESE-SSE 

(3) 

S-NNW 


0.81 

1.14 

1.46 


o.s;{ 

1.14 

1.66 

Conductivity 

1.64 

2.28 

3.01 


0.98 

1.00 

0.93 


646 

172 

670 


{b) Humid Period {May to October) 


Wind Direction 

(1) 

(2) 

( 3 ) 


1.15 

1.66 

1.88 


1.14 

1.65 

1.90 

Conductivity 

2.29 

3.10 

3.78 


l.Ol 

1.00 

0.99 


148 

116 

1312 


Table II 

Variation of Conductivity with Wind Speed 
(Unit of Conductivity— 10—4: E.S.U.) 
{a) Dry Period {November to April) 


Wind Velocity 
(m.p.h.) 

0—3 

4—6 

0—7 

8—9 

10—11 

12—13 

14—16 


0.1)6 

0.99 

1.21 

1.00 

1.73 

1.74 

1.62 


1.00 

1.0.3 

1.27 

1.68 

1.83 

1.84 

1.72 

Conductivity 


2.02 

2.48 

3.28 

3.66 

3.58 

3.34 


MIlitIM 

0.96 

0.95 

0.95 

0.04 

0.94 


206 

460 

322 

182 

138 

68 

54 


(b) Humid Period {May to October) 


■ Wind 








1 


Velocity 

(in.p.h.) 

0—3 j 

4-5 j 

6—7 1 

8—9 

10—11 ] 

12—13 

14-16 

16-17 

18—20 


1.48 

1.93 

1.90 

1.82 

1.79 

1.76 

1.78 

1.71 

1.72 


1.54 

2.02 

1.92 

1.87 

1.80 

1.79 

1.77 

1.79 

1.64 

Conductivity 

3.02 

3.95 

3.82 

3.69 

3.69 

3.54 

3.55 

3.50 

3.36 

0.96 

0.96 

0.99 

0.97 

0.99 

0.98 

1.01 

0.96 

1.05 


60 

216 

246 

180 

232 

148 

144 

46 

24 
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The changes of total conductivity with wind direction and velocity 
arc shown in Figures 2 and 3 respectively. Curves A and B refer to the 
dry and humid periods respectively. 

In Tables i {a) and [b) the data of conductivity have been grouped 
according to the sector from which the wind comes (i) NNE-E (City 
area), (2) N (Malabar Hill) and ESSE-SSE (Mainland) and (3) S-NNW 
(Sea). The directions N and ESE-SSE have been grouped together* 
because lands in those directions contain residential buildings, but no 
factories. It will be seen from both these Tables that the conductivity 
is least when the wind blows from the first quadrant, apparently because 
the air is then laden with the maximum concentration of pollution from 
the ships in the harbour and the industrial and commercial parts of the 
city, and the conductivity is greatest when the wind comes from the sea. 
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The dependence of conductivity on the wind direction is shown in 
Figure 3. ft is cle^ from Figure 2 that the conductivity is generally smaller 
in the dry than in the wet months, irrespective of wind direction. This 
is due to the comparative purity of the air during the monsoon. The 

value corresponding to the N quadrant in the dry period is about 

130% less than that corresponding to the S >-W quadrant in the wet 

period. 



Pig. 3. Variation of Elootrical Condnctivity of Air at Colaba with Wind Speed 

It will be seen from Figure 3 that in the dry months the conductivity 
shows little change up to a wind speed of about 5 m.p.h., but increases 
rapidly at higher speeds, the conductivity for 9 to 13 m.p.h. being nearly 
1.8 times the value for winds of 3 to 5 m.p.h. Above 13 m.p.h., there 
appears to be a slight fall, but the number of observations rapidly de- 
creases. In the monsoon months, the conductivity is generally greater 
and the variation with wind spewed much less than in the dry season. 
The maximum conductivity is observed with winds of about 5 m.p.h. 

It is not possible to extend curve A further, as at higher speeds dust is 
raised in the air and this influences the conductivity in a complex 
manner. The effect of dust-iaising winds on the earth’s electric field 
at Colaba has been discussed elsewhere”. 

The dependence of conductivity on wind speed is related to the 
presence of solid or liquid particles in the air, primarily smoke and dust 
in the dry months and sea-spray in the wet months. In the dry season, 
the higher wind speeds are generally associated with sea-breeze, which 
brings in purer air, and apparently the maximum purity of the air is 
reached near about 10 to 13 m.p.h. It would therefore be advisable to 
take routine daily observations of conductivity near about the time when 
this wind speed prevails, which happens generally in the afternoon. 
At still higher speeds, conditions change, probably due to the presence 
of some sea-spray in the' air. During the wet period the concentration 
of water particles and salt nuclei near the surface which prevails during 
weak winds is cleared up or diluted during stronger winds and at about 
5 m.p.h. the atmosphere attains the maximum purity. As the wind 
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•peed inereases, it becomes gjuty and sea •Pf^y begins to form and 
•pneads ir^nd. From curve B in Figure 3, a limiting stage in the con- 
centration of pollution is reached, after the wind speed reaches t]^ value 
of about 8 m.p.h. It is significant that the effect of wind speed in excess 
of 5 or 6 m.p.h. on the conductivity during the monsoon montlw June 
to September is considerably less than in the dry montl^. This indi- 
cates a correspondingly smaller concentration of pollution in the air 
during monsoon. The mean value of conductivity at about 10 to 13 
m.p.h. is nearly the same in both the seasons. 

2. Effect of Dust , — ^The values of conductivity observed on a few 
occasions when dust was raised in the air arc set forth in the following 
Table. In columns 2 and 3 arc given the values observed on the balloon 
tower and on the ground near the electrograph hut which is about 150 
meters from the observation tower. These observations were all made 
in the dry season. It would appear that the conductivity on occasions 


Table III 


Conductivity Measured on Occasions when Dust was Raised in the Air 


On Tower 

Near Ground 

Average (Dry Period) 

2.11(14) 

1.00(8) 

1.41 

2.26(14) 

1.63(8) 

1.48 

4.37 

1 

3.53 

2.80 

0.03 

1.17 

0.05 


when dust is raised is smaller near the ground than near the level of the 
tower, but at both places the values are larger than the average value. 
The value of X+/X — when dust is raised in the air is greater near the 
ground than at the tower level. 

3. Visibility and Conductivity , — ^At the same hours at which the measure- 
ments of conductivity were made, eye-observations of visibility were 
t^en of a number of landmarks at distances of 200 yards to 12.6 miles 
situated in different directions of the observation tower. For night 
visibility, a few selected street lights in the city were observed. In the 
present study, only day-light observations are analysed. The visibilities 
of landmarlu in different directions were often different. For corre- 
lating with conductivity, the visibilities of landmarks situated in directions 
against the wind at the time of conductivity observations have been 
considered. The available observations of conductivity and visibility 
taken at 10 hours are used in the present analysis, as these are homo- 
geneous and free from diurnal effects. These data are given in Table IV 
and plotted* in Figure 4. As is to be expected, both positive and negative 
conductivities increase as the visibility improves. 
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Table IV 


Variation of Conductivity with Visibility 
(Unit of Conductivity =10— * E.S.U.) 


Approximate 
Visibility 
Code Figures 

No. of 
Obser- 
vations 

x+ 

X- 

X 

9 

0—3 

(7) 

0.66 

1 0.66 

1 

1.32 

0.08 

4—5 

(34) 

0.80 • 

0.87 

1.73 

0.99 

6 

(49) 

i.n 

1.17 

2.28 

0.96 

7 

(49) 

1.40 

1.50 

2.05 

0.97 

8--0 

(12) 

1.62 

1.68 

3.30 

0.96 
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In view of the above relationship between visibility and conductivity, 
it is interesting to compare the diurnal and annual variations of the two 
elements. The annual variations based on observations at lo hours 
as well as at 6 to i8 hours are shown inFigure 5. The daylight (6 to 18 
hours) observations exceed 79 in each of the months. The two series 
of curves are generally similar. It is however curious that while the 
conductivity shows a large decrease from September to October, the 
corresponding change in visibility takes place only in November. The 
diurnal variations of conductivity and visibility based on 24 hours 
observations on a few individual days are also found to be similar, 
These have been discussed elsewhere, 



Fig* 5 Annual \ ariation of Visibility and Conductivity at Colaba 


Diurnal and annual variations ofi conductivity therefore go hand in 
hand with visibility. 

4* Efffici ofRain, In Table V ard^given the data of conductivity during, 
before, and after rain of different intensities. It will be seen that on the 
average, the positive conductivity during rain remains steady and just 
below the normal value. Negative conductivity on the other hand 
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Table V 

Variation of Conductivity During Rain 


(Unit of Conductivity =10-4: E.S.U.) 


Gonduotivitj 

Moan Value 


Maximum 

Minimum 


X- 

X 

? 


B 

x+ 

X- 

Daring light rain 

1 

1.67 1 
(50) ! 

1 

1.89 

(48) 

3.66 

0.88 

2.68 

4.70 

0.00 

0.60 

Daring moderate rain 

1.60 

(-5) 

2.39 

(16) 

3.99 

0.67 

2.33 

3.41 

1.03 

1.28 

During heavy rain 

1.70 

(9) 

4.37 

(13) 

6.07 

0.39 

2.85 

7.79 

0.98 

2.87 

Before light rain 

2.00 

(14) 

2.19 

(16) 

4.19 

0.91 

3.19 

3.30 

1.43 

1.28 

Before moderate rain 

1.69 

(3) 

1.58 

(4) 

3.17 

1.00 

1.67 

1.76 

1.43 

1.27 

After light rain 

1.87 

(26) 

1.89 

(2i) 

3.70 

0.99 

2.84 

3.05 

0.99 

1.11 

After moderate rain 

2.30 

(11) 

2.66 

(11) 

4.86 

0.90 

2.81 

3.27 

1.43 

1.60 

Normal (wet period) 

1.76 

1.79 1 

1 

1 3.66 

1 

0.98 

•• 





increases rapidly as the rainfall becomes heaviei ^ being about 4 or 5% 
higher than normal during light rain and about 140% higher duting 
heavy rain falls, the corresponding excesses over the positive conduc- 
tivities being 10% and 160%. These features are aho reflected in the 
values of the ratio of positive to negative conductivity, which often 
falls to o. I or 0.2 in the more intense part of heavy rain. 

The ratios of positive to negative conductivity observed during light, 
heavy and very heavy rainfall at Golaba generally agree with the ratios 
of the number of positive to negative small ions of the air observed at 
Glencree 18 Km. south of Dublin during periods of rain, heavy rain 
and very heavy rain respectively^. 

The conductivity is greater after than during rain. This is consistent 
with the observations m^de at the Commonwealth Solar Observatory, 
panberra*. 

I The effect of rain on conductivity appears to be the same at the ground 
as on the tower^ 

5. A few remarks are necessary regarding the absolute values given 
ip this note. Measurements of conductivity with the Gerdien apparatus 

6(a) 
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In view of the above relationship between visibility and conductivity, 
it is interesting to compare the diurnal and annual variations of the two 
elements. The annual variations based on observations at to hours 
as well as at 6 to i8 hours are shown inFigiu-e 5. The daylight (6 to 18 
hours) observations exceed 79 in each of the months. The two series 
of curves are generally similar. It is however curious that while the 
conductivity shows a large decrease from September to October, the 
corresponding change in visibility takes place only in November. The 
diurnal variations of conductivity and visibility based on 24 hours 
observations on a few individual days are also found to be similar. 
These have been discussed elsewhere, 
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Fig. 5 Anauftl \ ftrifttion of Visibility and Condnotivity at Colaba 


Diurnal and annual variations of conductivity therefore ga hand in 
hand with visibility. 

4. Effect of Rain, InTable V ar^given the data of conductivity during, 
before, and after rain of different intensities. It will be seen that on the 
average, the positive conductivity during rain remains steady and just 
below the normal value. Negative conductivity on the other bantt 
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Table V 

Variation of Conductivity During Rain 


(Unit of Conductivity =10 - 4 E.S.U.) 


Conduotivity 

Mean Value 


Maximum 

Minimum 

x+ 

X- 

D 

? 


B 


B 

Daring light rain 

1 

1.67 

(50) 

1 1 

1.89 ! 
(48) 

3.56 

0.88 

2.58 

4.70 

0.00 

0.66 

During moderate rain 

I. GO 
(.6) 

2.30 

(16) 

3,99 

0.67 

2.33 

3.41 

1.03 

1.28 

During heavy rain 

1.70 

(9) 

4.37 

(13) 

6.07 

0.39 

2.85 

7.79 

0.08 

2.87 

Before light rain 

2.00 

(14) 

2.19 

(16) 

4.19 

0.91 

3.19 

3.30 

1.43 

1.28 

Before moderate rain 

1.59 

1.58 

(4) 

3.17 

1.00 

1.67 

1.76 

1.43 

1.27 

After light rain 

1.87 

(26) 

1.89 

(24) 

3.76 

0.99 

2.84 

3.05 

0.99 

1.11 

After moderate rain 

2.30 

(11) 

2.56 

(11) 

1 

4.86 

0.90 

2.81 

3.27 

1.43 

1.60 

Normal (wet .period) 

1.76 

1.79 j 

3.55 

0.98 

•• 

•• 




increases rapidly as the rainfall becomes heavier, being about 4 or 5% 
higher than normal during light rain and about 140% higher during 
heavy rain falls, the corresponding excesses over the positive conduc- 
tivities being 10% and 160%. These features are also reflected in the 
values of the ratio of poutivc to negative conductivity, which often 
falls to o. I or 0.2 in the more intense part of heavy rain. 

The ratios of positive to negative conductivity observed during light, 
heavy and very heavy rainfall at Golaba generally agree with the ratios 
of the number of positive to negative small ions of the air observed at 
Glencree i8 Knl. south of Dublin during periods of rain, heavy rain 
and very heavy rain respectively^. 

The conductivity is greater after than during rain. This is consistent 
with the observations made at the Commonwealth Solar Observatory, 
panberra*. 

I The effect of fain on conductivity appears to be the same at the ground 
as on the tower^ 

5. A few remarks are necessary regarding the absolute values given 
^ this note. Measurements of conductivity with the Gerdien apparatus 

6(a) 












Ut tfOJtMty ,01* *\ 


54 


JOURNAL OP THE UNIVERSITy OF BOMBAY 


when the wind blows straight into the instrument arc found to give 
values about 15 to 20% greater than when the wind blows at right 
angles to it or obliquely. The observations discussed in this note were 
taken with the instrument facing east and consequently the majority 
of the observations correspond to an oblique direction of wind. The 
values of conductivity given here have therefore been corrected by a 
factor 120 : lOO so as to correspond to a wind direction parallel to the 
axis of the tube.* In the course of observations of conductivity during 
moderate or heavy rain the insulation occasionally broke down. This 
could however be rectified by removing the thin film of moisture dc- 

g jsiting on the exposed surface of the amber insulator of the Wulf 
lectrometer by means of a piece of warm silk and heating the instrument. 
The practice of testing the insulation before and after the observations 
was always followed. The curves in h igure 6 exhibit the continuous varia* 
tions of X+ and X — fox ovei* an hour during a particular occasion of 
heavy rain. The corresponding rainfall and P. G. curves are also 



Kg. 6. Change of Condaoiivifiat during Rain : September 16, 1936 

reproduced. The fomer curves show in a general way, as concluded 
above, how AH- continues remarkably steady and near about the normal 
value. A remains at a high level and occasionally shows large fluc« 



EVFBGT OF MBTEOROLOOICAL CONDITIONS 


55 


tuations. The latter roughly follows the course of the P.G., increasing 
as the field decreases^ and vice versa. These observations also tend to 
show how the insulation of the instrument continues to be satisfactory 
even during the period of hca\7 rain. 

In Tables III and V the numbers within brackets stand for the numbers 
of observation. 

My best thanks are due to Dr. K. R. Ramanathan for kindly criticising 
the paper and suggesting changes which have been incorporated in the 
paper. 
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THE MECHANISM OF THE ACTION OF 
CHARCOAL ON POTASSIUM NITRATE 

Part 1—The Effect of Temperature, Time, etc. 

By 

T. M. OzA AND M. S. Shah 
SUMMARY 

T he main result of the present investigation is that the equation 

4 KNO 3 + 5 C >-2K.,CO;,+3COjj+ 2N2 ascribed to the action of 

charcoal on potassium nitrate is probably made up of at least two 

consecutive reactions proceeding as: (I) 4 KNOt-|- 2C >-4KNOa 

+2COa and (II) 4KNOa +3C— ^-aK^COj+COa+aNo, of which 
the latter represents, in all probability, only the net result of several 
side or consecutive reactions. 


Charcoal and potassium nitrate are two of the three ingredients 
(charcoal, nitre and sulphur) of gunpowder. Cumburlion of gun- 
powder has been much studied in the past and the reactions reported as 
very complicated. It is obvious that investigation of the systems ( 1 ) 
potassium nitrate and charcoal, (II) potassium nitrate and sulphur, and 
(III) potassium nitrate, charcoal and sulphur may throw considerable 
light on the mechanism of the reactions involved in the combustion. 

The action of charcoal on potassium nitrate has been studied by 
Vogel (Neues Jahreb. Pharm., 1855, 4, I) who noted that if potassium 
nitrate be at a temperature a little above its fusion point carbon is oxid- 
ised to carbon dioxide, and nitrogen, nitric oxide and nitrogen trioxide 
arc formed ; further, if the temperature and the proportions of the con- 
stituents are suitable a mixture of potassium nitrite and potassium car- 
bonate is produced. Rammelsberg (Ber., 1873, 6, 187) observed that 
some graphites burn in fused potassium nitrate while other varieties are 
not attacked. Knop (D. R. P., 93352, 1897) took a patent to prepare 
potassium nitrite by the reduction w potassium nitrate with charcoal, 
^llor (1932, Vol. II, p. 825) states "If potassium nitrate be mixed with 
powdeira charcoal and heated, the two materials react with explosive 
violeace forming potassium carbonate, carbon dioxide and nitrogen : 
4KN0,-|-5C — >.2KsC 03 -f- 3 CO,^- 2 N,.” 
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In the inesent work attempts have been made to study the mechanisiii 
of the interaction. Experiments have been conducted under varied 
conditions with weighed quantities of potassium nitrate and charcoal 
and, at the end of each experiment, the gaseous products of the inter- 
action as well as the solid residue are analysed qualitatively and quantit- 
atively. 

EXPERIMENTAL 

Materials 

Potassium nitrate. — Merck’s extra pure potassium nitrate was recrystal- 
lised, dried, powdered and kept over phosphorus penloxide for one month 
and used. 

Charcoal . — Pure sugar charcoal was prepared according to Shah (J. C. 
S., 1929, 2662). 

Apparatus and Procedure 



Fig. 1 . 


Apparatus . — ^The apparatus used 
is shown in figure i . The column 
A, containing a mixture of 
potassium nitrate and charcoal, 
was connected, through the 
ground joint A and the tap B, 
to the bulb E detachable at D, 
and the latter was connected to 
the sprengel pump through the 
lap F. Heating was done by an 
electric furnace «md the tempera- 
ture measured by a mercury-in- 
silica thermometer (650^0) or a 
pyrometer. 

Procedure . — ^Thc column AS was 
fitted up to the apparatus with a 
thin layer of warm vacuum grease 
and the bulb E attached, dry or 
half filled with a strong solution 
of potassium hydroxide in boiled 
out distilled water, as required. 
The apparatus w,as next evacuated 
at ioo®C by a hyvac pump, fol- 
lowed by the sprengel pump for 
about 30 mts. after the first click. 
In most of the experiments, the 


tap B was kept open to the bulb E and’ the tap F to the sprengel pump. 
The furnace was adjusted to the temperature of the experiment and then 
brought round the column. At the end of the experiment, the electric 
current in the furnace was switched off and the gas pumped off. The 
gas was tested for carbon dioxide, carbon monoxide, oxygen, nitric oxide, 
nitrous oxide and nitrogen : Oxygen and nitrous oxide were found 
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Abaent, carbon monoxide and nitric oxide were present in small pro- 
portions while carbon dioxide and nitrogen were the main products. 
After pumping off the evolved gas, the column AS was detached at A 
and the residue dissolved in boiled out distilled water. The solution was 
filtered from charcoal, diluted to loocc and the diluted solution tested 
for potassium carbonate, potassium nitrite, potassium nitrate, potassium 
cyanide and potassium cyanate : the last two were absent. The alkali 
solution in the bulb E was made to 50 cc after washing the bulb and the 
appropriate part of the apparatus. This was examined for potassium 
carbonate and potassium nitrite. 

Analysis of (I) Gaseous Products and (II) Solid Residue 
(I) Gaseous products : — 

{a) The gas was measured at room temperature and pressure and 
analysed by absorption in standard absorbents. Carbon dioxide was 
first absorbed in strong KOH lye and then nitric oxide in alkaline sodium 
sulphite followed by strong acidified ferrous sulphate solution. Carbon 
monoxide was next absorbed in freshly prepared ammoniacal cuprous 
chloride solution followed by treatment with dilute sulphuric acid. The 
residual gas was taken as nitrogen. All volumes recorded are at N.T.P. 

After absorption of carbon dioxide in KOH lye, the gas was tested 
for nitrous oxide by bubbling it through a layer of cold alcohol saturated 
with nitric oxide and carbon monoxide and keeping the gas over the 
reagent for a day : no contraction in volume indicated that nitrous oxide 
was absent. This treatment was dispensed with in subsequent experi- 
ments. Since some nitric oxide was always present in the gas free oxygen 
was taken as absent. 

{b) Carbon dioxide and nitiogen tiioxide in the bull) E were esti- 
mated as follows : for carbon dioxide, 10 cc of the solution was titrated 
with o.iN HCl and then with 0.025N HCl till neutrality to phenolph- 
thalein was obtained. Methyl orange wus then added and titiation con- 
tinued to the end point. A blank experiment was made to see if the 
original KOH solution contained any carbonate but it w’as found to 
contain none. The KOH solution was always made after ^vashing off 
the surface layers of the KOH sticks. 

For determining the nitrogen trioxidc in the alkali solution 25 or 50 cc 
of 0.0 1 N KMn04 were taken in a conical flask, dilute sulphuric acid 
added and then a measured volume of the alkali solution poured in. 
The mixture was well shaken and heated to about 6o®C. The excess of 
KMn04 was then reduced by adding a known volume of o.oiISi potas- 
sium tetroxalalc solution and the remaining tctroxalate titrated back 
with the KMn04 solution at 7o°C. 

The volume of carbon dioxide equivalent to potassium bicarbonate 
found in the titration of the bulb solution was added to that obtained in 
the g^ analysis and the total recorded as carbon dioxide evolved in the 
cxperimdnt. 
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( 11 ) Solid residue : — 

(tf) Potassium carbonate, — A measured volume was titrated a^inst 
stan^rd HCl using first’ the phenolphthalein and then methyl orange as 
indicator. The readings obtained were almost the same. No diffi- 
culty was experienced due to the nitrite present as quantities of the 
nitrite present were always small. 

{b) Potassium nitrite. — ^This was estimated as slated in (I) b above. 

(r) Potassium nitrate. — ^This was estimated by the method described 
in ‘‘Quantitative Chemical Analysis” by Gumming and Kay on pp. 
1 00-0 1. A sodium carbonate bubbler was inserted between the carbon 
dioxide generator and the reaction flask. 

Prior to the estimation of the nitrate, the nitrite contained in the 
mixture was first converted into nitrate. For this purpose, a known 
volume of KMn04, just a little in excess of that required for the nitrite 

E resent, was first taken in the flask, dilute sulphuric acid added and a 
nown volume of the solution containing the nitrite and the nitrate run 
in from a pipette. The flask was then heated to 6o°C in a water bath and 
connected to the apparatus. 


Effect of Temperature 

{a) Experiments with potassium nitrate and so per cent [on the weight of potassium 
nitrate) charcoal for one hour. 

Charcoal appears to interact with potassium nitrate at and above 250®C 
at which temperature the interaction, though extremly slow, is distinct as 
the residue liberates iodine from potassium iodide in presence of dilute 
acids though no gas is evolved.* The interaction is not appreciable upto 
325"C. 

An idea of the rate of the interaction was first of all obtained by con- 
ducting experiments at various temperatures. Strong KOH solution 
was included in the bulb E to absorb carbon dioxide (and nitrogen tri- 
oxide) evolved. The reaction, at each temperature, was arrested after 
one hour. At 390®C the experiment could not be continued for one hour 
as the reaction steadily gained speed, became violent and culininated 
into a flash in about 25 minutes, the whole of the column becoming de- 
posited with a soft w*hite deposit. The reaction then practically ceased. 
The result of the analysis of the reaction products are given in Table I 
and the relevant curves shown in Fig. 2. 


* The oxygen is probably adsorbed ^ charcoal and held by it in some form (Rhead, 
and Wheeler, J.C.S., 1913, 103, 401 ; Keyes and Marshall, J. Amer. Chem. Soo., 1927, 
49, 158 ; Shsh, loc. 

















lIBClUimil or TBS acttok of charcoal 


Of 

The results show that ; — (i) the amount of potassium nitrate used up 
increases with rise in temperature and along with it the amount of po- 
tassium carbonate, nitrogen and carbon dioxide, produced in the experi- 
ment, increase. Some potassium nitrate is left in the system, even after 
the flash, presumably due to lack of charcoal in the system (a good amount 

of charcoal is hurled out of the sys- 
tem during the flash) ; («) A com- 
parison of the amounts of nitro- 
gen, caibon dioxide and potassium 
carbonate produced in experiments 
upto 390®C shows that {a) there is 
a regular relation between the 
amounts of nitrogen and potassium 
carbonate formed; {b) the amounts 
of nitrogen are lower and those 
of carbon dioxide higher in experi- 
ments at low temperatures than 
those in experiments at high tem- 
peratures ; (m) in experiments 
upto 380^0, the amounts of nitric 
oxide, carbon monoxide and nitro- 
gen trioxide are smaller than in 
experiments at 390°C ; {iv) in 
experiments upto 38o®C, the am- 
ounts of potassium nitrite do not 
show any regularity. 

Fig. 2 shows conspicuously the rectilinear relation between nitrogen 
and potassium carbonate produced in the experiments. 

{h) Experiments with potassium nitrate and 20 per cent charcoal till the evolved 

gas exerted the same pressure. 

In the above experiments, the amounts of potassium nitrite in the 
residue do not show regularity as the other reaction products do. Think- 
ing that some information on this point may be obtained if the reaction 
were arrested at practically the same stage, experiments-were conducted 
at different temperatures with the sanie quantities of potassium nitrate 
and charcoal as before and the interaction arrested when the evolved 
gas exerted the same pressure (which was due mainly to nitrogen). The 
results of this series of experiments are given in Table II. Fig. 3 shows 
times and quantities of potassium nitrite plotted against temperature. 




Table II 



amount of KNO 2 in the residue and a high p3rc3ntaga of CO 2 in the gaseous products. 
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The results show that (i) potassium nitrite is always produced in the 
interaction and its amounts vary irregularly with temperature ; («) the 
amount of nitrogen trioxide produced in 30 hrs. at 3I5®C is much 
greater than that produced in i hr. at 325^0. 

Effect of Pressure of Evolved Gas and of Mass of Potassium 

Nitrate 

(c) Experiments with different amounts of potassium nitrate and 20 percent 
charcoal allowed to proceed to different stages. 

The experimental results given in Tables I and II show that the am- 
ounts of nitrogen and potassium carbonate produced depend upon the 
extent to which the interaction proceeds and is independent of tempera- 
ture, whereas the proportion of carbon dioxide and potassium nitrite 
depend both on the temperature of the experiment and the extent to 
which the experiment is allowed to proceed. With a view to see how far 
the production of carbon dioxide and of potassium nitrite depends upon the 
extent of the interaction, experiments were undertaken with the same 
quantities of potassium nitrate and charcoal as in the preceding scries, 
at 375®C — a temperature at which the interaction proceeds with a fairly 
moderate speed — and checked when the pressure of the evolved gas 
(mainly nitrogen) was 10, 20, . . etc. cms. of mercury [a). As 0.375 g. 
potassium nitrate, used in the experiments, could not produce gas suffi- 
cient to exert pressure greater than 30 cms. of mercury these experi- 
ments were repeated with {b) 0.889 g.potassium nitrate and the usual 
proportion of charcoal, the experiments in this latter case^ being checked 
when the pressure of the evolved gas was 3, 6, 10, . . . etc. cms. of mer- 
cury. Incidentally a comparison of the results of the two series of experi- 
ments showed the effect of mass on the interaction. The results of this 
series of experiments are given in Table III (a) and (b) and the graphs 
of time, nitrogen, potassium carbonate and potassium nitrite against pres- 
sure and of nitrogen against potassium carbonate shown in Fig. 4. 



Table III 

Experiments with (a) 0.375 gms. and (b) 0.889 gms. KNO., and 20 per cent charcoal ats^s'^C tUl the pressure of the evolved gas was 

10,20,30 cms. of Hg. in (a) and 3, 6, 10, 20, ,70 cms. of Hg. in ( 6 ) 
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The ratio N2:C02 is about 1;2.7 at the commencement ; it slowly diminishes from top to bottom and becomes 1:1 .4 at end. 
The ratio N2:C02, appertaining to the amounts of these between consecutive stages, are; 1:2.7; 1:2.5; 1:1.9; 1:1.2; ! 
lA .2 ; 1:1 . 1; and 1:0.96, respectively from top to bottom in Table III (6). 
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The results confirm all the observations previously made and further 
show that: (i) at low pressures, t.e,, at the commencement of the reaction, 
the amount of carbon dioxide is higher and of nitrogen smaller than that 
at high pressures, t,e., as the experiment proceeds ; («) the amount of 
nitrogen forined in the last stage, wherein the quantity of potassium nit- 
rite in the residue is much less than in the preceding stage, is greater even 
than that of carbon dioxide and this in spite of the fact thatsome potassium 
nitrate is used up in the stage which must have introduced some carbon 
dioxide. 

Again, when the results of experiments in (a) are compared with those 
in (b), it is clear that the effect of mass of potassium nitrate on (?) the 
speed of the reaction and (it) the production of carbon dioxide and nitro- 
gen is very small, but its effect on (m) the amounts of jx>tassium nitrite 
in the residue is very marked : the amount of potassium nitrite produced 
is greater the greater the mass of potassium nitrate used in the experi- 
ment. 

Fig. 4 shows that the nature of proportionality between potassium 
carbonate and nitrogen in these experiments is exact and that each of 
these is linearly proportional to pressure. 



(d) Effect of removal of the evolved gas on the interaction. 

From the results of all the experiments given above, it is clear that the 
proportions of potassium carbonate and nitrogen produced in the interac- 
tion are throughout regular whereas thoSe of potassium nitrite and carbon 
dioxide are higher (/) at low temperatures and when the interaction is 
arrested after a short time and when the interaction is allowed to proceed 
for a long time (Expt. I, Tables I and 11) and (n) at the commencement 
of the interaction than in subsequent stages (Wi? Table II). Thus it 
appears highly probable that during the interaction potassium nitrite 
is used up as it is formed, with the result that the amounts of carbon 

7 (a) 
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dioxide, nitrogen and potassium carbonate are affected. With a view 
to test the formation of potassium nitrite and its subsequent effect on the 
relative production of carbon dioxide, nitrogen and potassium carlx)n- 
ate, experiments were conducted in which (i) carbon dioxide (and nitro- 
gen oxides absorbable by KOH) and (it) all the evolved gas, i.^., nitrogen, 
and other gases also, was removed as it was formed. The temperature 
chosen for the experimentation was 390®C as it was expected that the 
effect of the removal of (i) and (it) would be conspicuous if the rate of 
production of potassium nitrite is great. Two sets of experiments were 
performed at 390®C extending over different periods of time : in the first 
set the KOH solution in the bulb E was not used and the evolved gas 
was all pumped off continuously during the progress of the experiment 
while in the second set KOH solution was used to absorb carbon dioxide 
(and of course, absorbable nitrogen oxides, as usual) and nitrogen with 
unabsorbed gaseous products allowed to accumulate in the system. 
ITie results of analysis of the gaseous products and the solid residue in 
these two sets of experiments are given in Table IV. Fig. 5 shows the 
type of graphs obtained by plotting potassium nitrite, potassium car- 
bonate, nitrogen, carbon dioxide, and potassium nitrate used up against 
time and nitrogen against potassium carbonate, in cither set of experi- 
ments. 

These results show that : (t) the interaction proceeds more rapidly 
when carbon dioxide is removed than when carbon dioxide and nitrogen 
both are pumped off. In the former case the reaction becomes violent 
and ultimately results into a flash, whereas in the latter case the inter- 
action proceeds smoothly upto a particular extent and then becomes 

slow, presumably because one of 
the reactants is used up or its 
amount has become very low ; 
(zf) the amounts of potassium 
nitrite in the residue are greater 
in experiments where carbon dio- 
xide is removed than in experi- 
ments where both carbon dioxide 
and nitrogen are pumped off, 
inspite of the fact that the larger 
mass of potassium nitrate used in 
the latter set has the effect of in- 
creasing the production of potas- 
sium nitrite (mass effect, T able III) . 
This shows that the presence of 
nitrogen increases the stability of 
potassium nitrite ; (Hi) the am- 
ounts of nitrogen are greater and 
those of carbon dioxide are smaller 
in experiments where carbon dio- 
xide is removed than in experi- 
ments where all the evolved gas is 
pumped off ; (iv) in both sets 
of experiments, oxides of nitrogen 
are evolved but the amounts ap- 
peared to be greater in experiments 
where all the evolved gas is pumped off than in experiments where car- 




Table IV* 

Experiments with and so per cent charcoal at^po^C to examine the interaction in stages. 
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♦The amount of KNO2 in the residue is greater in (6) than in (a) inspite of the fact that larger mass of KNO3 is used in (a) than in (6). The effect 
of increase in mass of KNO3 with otherwise identical conditions, is to produce larger amounts of KKO2 {vide Table UI). 
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bon dioxide alone is removed. In the former experiments, mercury of 
the pump was affected and the effect was greater particularly at the 
commencement of the interaction. 

Fig. 5 shows that there is a sudden change in the gradient of curves 
corresponding to experiments where carbon dioxide alone is removed 
by the KOH solution. This indicates that the interaction follows 
a different course after a particular time. The absence of such a change 
in the curves corresponding to the other set of experiments where the 
evolved gas is all pumjjed off appears to account for the absence of a flash 
in these experiments. 

INTERPRETATION OF RESULTS 

The bearing of all these observations on the interaction between potas- 
sium nitrate and charcoal is that charcoal tends to interact with potassium 
nitrate at about 25o'"C — a temperature much below the melting point of 
potassium nitrate. The high production of carbon dioxide and potas- 
sium nitrite in the initial stages of the interaction shows that charcoal 
induces the reduction of potassium nitrate to potassium nitrite with the 
production of carbon dioxide as 

4KNO..J +2G )-4KN0,. +2GO, (i). 

Since at all stages of the interaction nitrogen and potassium carbonate 
arc always present and that too in regular increasing ])roportions with 
the progress of the interaction, and since potassium nitrite' never accumu- 
lates, on tlie other hand, it is found to be present in \ery small propor- 
tions, i.^.jin amounts much below the expected values according to (I), 
it seems probable that charcoal tends to interact with potassium nitrite 
immediately it is produced in (I) leading to the formation of potassium 
carbonate and nitrogen as the main products. The facts that with the 
rise in temperature (/) the proportions of carbon dioxide produced 
diminish, and («) those of potassium carbonate and nitrogen increase in 
linear proportions, show also that potassium nitrite interacts with char- 
coal as soon as it is formed. Further (7) the violent interaction occurs 
under conditions favourable for the accumulation of potassium nitrite 
in the residue, 7. r., when carbon dioxide and not both the carbon dioxide 
and nitrogen are pumped off, («) the amounts of potassium nitrite left 
in the residue after the violent interaction are greater than under other 
conditions, also conform to the same view. This fact when taken in 
conjunction with the observation that the amount of nitrogen, in stages 
wherein potassium nitrite is used up, is greater even than that of carbon 
dioxide, and this too inspite of the fact that some potassium nitrate is used 
up during the process which must have introduced some carbon dioxide, 
shows that potassium nitrite interacts with charcoal so as to produce a 
comparatively large quantity of nitrogen in some such way as 

I 

4KNO, +3G— >2K,GO..,+GOa +2N2 


(2). 
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The formation of nitric oxide, nitrogen trioxide and carbon mono- 
xide, which has always been observed, could be accounted for only after 
the violent interaction observed and the role of potassium nitrite in the 
interaction are more closely studied. This has been done and the results 
will soon be communicated. 

One of us (T.M O.) makes grateful acknowledgement of a research 
grant to the University of Bombay towards the cost of this research. His 
thanks are due to Professor G. L. Mankodi for his interest in the work. 
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THE THERMAL DECOMPOSITION OF 
POTASSIUM NITRITE 


By 

T. M. OzA AND M. S. Shah 


Summary 


T WO important observations have been made : (i) Nitrogen tetro. 
xidc is produced at the commencement of the decomposition ; (2) 
nitrogen is produced in proportions greater than required by the 

equation: 4KNOW >-K^O+2KNOj,+NO+N (Ray: J.C.S., 1905, 

T., 87, 177). 


The experimental results, on the whole, tend to show that the primary 


stage in the thermal decomposition of potassium nitrite is qKNO 


K.jO+NO+NOo (1). The nitrogen tetroxide produced reacts with 
the undecomposed potassium nitrite to produce nitrogen and nitric 

oxide according to: 4KNO2+2NO. >-4KNO.t+N„ (2) and 

KNO^,+NOo >-KNO,, +NO (3) in agreement with the suggestion 

of Oswald (Ann. Chim., 1914, (IX), /, 32-112). The potassium nitrate, 
thus produced, decomposes under the experimental conditions as 

2KNO;j >“2KNO»+Oa and the oxygen produced, together with the 

nitric oxide present in the system, affects the reactions (i), (2) and (3). 


The thermal decomposition of alkali and alkaline earth nitrites has 
been studied in the past. Ray (for, dL) studied the thermal decom- 
position of sodium, calcium, barium and magnesium nitrites by heating 
small quantities of these under vacuum in two stages : in the first where 
the heating was slow and cautious he obtained a mixture of nitric oxide 
and nitrogen (with nitrous anhydride in traces) and in the second where 
the heating was much more intense he obtained a reddish brown gas and 
oxygen. He therefore concluded that in the first stage nitric oxide is the 
main gaseous product of the decomposition and that a portion of the salt 
is converted into nitrate, while in the second stage ii is the nitrate which 
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undergoes decomposition giving off oxygen. He represented the two 
stages by means of the equations : 

Initial : sBa(NO^)., >-2BaO+Ba (NO ;0 ,+4NO , * . . (i) 

2Ba(NO,)3 >-BaO +Ba (NO-O^+NO+N . . . (it) 


Final : Ba (NO3) ^ KBaO +2NO0 +0 (m) 

whilst intermediate between these there is also 

Ba (NO3), )^Ba (N 0 ,),+ 0 , (iv) 


In his opinion, several reactions go on side by side some of which, 
probably, overlap so that no sharp line of demarcation can be laid down 
between them. 

Oswald (loc. cif,) studied the decomposition of alkali nitrites and 
found that potassium nitrite begins to decompose at 350®G according to 


the following equations : 

3KNO, >-K,0+KN03+2N0 (i) 

5KNO, )-K,0+3KN03+2N (ii) 


He studied, also, the action of nitric oxide and nitrogen tetroxide upon 
the dry nitrites and found that the dry salt was not acted upon by nitric 
oxide so long as the decomposition itself did not occur and that nitrogeh 
tetroxide oxidised potassium nitrite to potassium* i nitrate. He suggested 
two more reactions represented by the following equations : 


NaNO.^+NOo J-NaNOa+NO (Hi) and 

2NaNO^+NO,. >-2NaNOa+N (iv) 


Butkov and Chassovenni (Acta. Physicochim, U.R.S.S., 1936, 5, 
137-159) studied the thermal dissociation and absorption spectra of 
vapours of potassium nitrite and potassium nitrate amongst others and 
found that on heating these in an evacuated quartz tube and examining 
the products spectrographically in the range 7000-1880 A, potassium 
nitrate gave nitric oxide at temperatures>550°C and nitrogen tetroxide 
on cooling ; potassium nitrite behaved similarly except that on cooling 
nitric oxide persisted and no nitrogen tetroxide was formed. 

Quantitative experiments on the thermal decomposition of potassium 
nitrite were undertaken to investigate the effect of (i) time at a constant 
temperature, (u) temperature at constant time and (in) mass at a con- 
stant temperature, on the relative production of the reaction products. 
The results of these experiments are set out in this paper. 
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Experimental 

Potassium nitrite required in this work was prepared by rec^stallisation 
from the Merck’s pure potassium nitrite. It gave on analysis the follow- 
ing results^: 

(i) I. 3717 g* substance gave, on treatment with cone, sulphuric 
acid, I. 4215 g. KjS04. (Theoretical value : i. 4039 g.). 

(«) 0.2226 g. substance required 53.6 cc. 0.0984 N KMnO^ soln. 
(Theoretical value ; 53.2 cc.). 

Found : K=46.4 per cent, NO.j=54.i per cent ; calcd. for KNO^: 
K=45.9 per cent, NO^ =54.2 per cent. 

Apparatus and Procedure 

These were the same as those described under ^The Mechanism of the 
Action of Charcoal on Potassium Nitrate, Part I’ by the authors (this 
issue, p. 57 ). The substance was heated electrically in a vacuum 
at the bottom of a 2-ft. vertical column the ground glass top of which was 
connected to the spiengel pump through an internal seal which allowed 
the gaseous products to reach the pump only after bubbling through a 
strong KOH solution. Potassium nitrite began to decompose at its 
melting point (about 4i9°G) and the decomposition was very slow upto 
5I5°C. A blue litmus paper kept near the top of the vertical column 
became reddened as soon as the decomposition started. The evolved 
gas was examined for nitric oxide and nitrogen, nitrous anhydride {giving 
nitrogen tetroxide) being obtained by analysis of the KOH solution and the 
residue for potassium oxide, potassium nitrite and potassium nitrate. 
The methods employed were the same as those stated in the above paper 
except that potassium oxide* was determined by direct titration against 
standard succinic acid. Th^ results of experiments on the effect of time, 
temperature and mass arc given in 1 ables, I, II and III respectively. 

The results show that 

(t) some nitrogen tetroxide is produced (as also potassium nitrate) 
and its amount, though very small, increases with the period of heating ; 
(«) nitric oxide and nitrogen, the main gaseous products, increase with 
the pe riod of heating. The proportion of nitric oxide, which is consider- 
able at the start, goes on diminishing while that of nitrogen, which is 
small at thestart,goes on increasing with increase in the period of heating. 
This indicates that with progressive heating reactions come into being 
which probably consume nitric oxide and produce nitrogen ; {Hi) the 
amounts of potassium nitrite used up and those of potassium oxide and 
potassium nitrate formed go on increasing with the increased period l3f 
heating, the rate ol formation of potassium oxide being greater than that 
of potassium nitrate ; {iv) the amounts of potassium nitrite used up 
and potassium nitrate formed per cc of the evolved gas diminish whereas 
those of potassium oxide formed increase steadily as heating is prolonged. 


* Ab glass was invariably corroded, the results of K^O determi Ration are not absolute ; 
they serve, however, the purpose of comparison. 
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The results show that 

(*) some nitrogen tctroxidc is evolved and its amount, though small, 
is greater at 500 °G even than at 540 °G ; («) just as in Table I nitric 
oxide and nitrogen are the main gaseous products and their proportions 
differ at different temperatures, nitrogen increasing and nitric oxide 
diminishing with increase in temperature ; (m) the amounts of potas- 
sium nitrite used up and those of potassium oxide and potassium nitrate 
formed increase with the increase in temperature. The rate of increase 
of potassium oxide is very small upto 500 °G and fairly great beyond it 
while that of potassium nitrate is large and fairly uniform ; (iy) amounts 
of potassium oxide formed per cc of the evolved gas diminish regularly 
with rising temperature, while those of potassium nitrite used up and 
potassium nitrate formed increase upto 500 °G and diminish at 540 °G. 

The results show that 

(i) some nitrogen tetroxide is evolved and its amount diminishes with 
an increase in the mass of potassium nitrite used ; (it) nitric oxide and 
nitrogen are, as usual, the main gaseous products and their proportions 
are considerably affected by the mass of potassium nitrite used in the 
exp>eriment, nitrogen showing a sudden increase and nitric oxide showing 
a sudden decrease .with the increase in the mass of potassium nitrite used; 
(Hi) the amounts of potassium nitrite used up and those of potassium 
oxide and potassium nitrate formed increase with the mass of potassium 
nitrite used. ; 


Discussion of Results 

The never-failing presence of nitrogen tetroxide and nitric oxide in the 
gaseous products of the reaction together with the fact that nitric oxide 
is produced in large quantity in the initial period of heating under all 
conditions of experiment show that nitric oxide and nitrogen tetroxide 
may be the primary products of the decomposition of potassium nitrite 
which proceeds, in all probability as, 

2KNO,,;:fK^O+NO+NO., (i) 

The amounts of nitrogen tetroxide actually found are much less than 
those of nitric oxide, which may be due (see Oswald, / c, ci .) to a rapid 
reaction between it and potassium nitrite resulting in the formation of 


nitrogen or nitric oxide or both according to : 

4KN0,+2N0^ )-4KNO.,-i-Na (2) 

KNO^.+NO.: KKNO3+NO (3) 


The occurrence of distinct, though small, variations in the proportion 
of nitrogen tetroxide in different experiments shows that this gas takes 
part in the reaction. That its amounts become small at elevated tem- 
peratures (Table II) and with the use of larger masses of potassium nitrite 
used (Table III) shows that it is used up more effectively under these 
conditions. It will be seen also that these are Just the conditions under 
which potassium nitrate is more effectively produced. This means that 





THERMAL DECOMPOSITION OF POTASSIUM NITRITE 


77 


the conditions under which nitrogen tetroxide is used up are precisely 
those under which potassium nitrate is more effectively proouced as 
demanded by equation (2). The amounts of nitrogen go on increasing 
and those of nitric oxide go on diminishing under the conditions of all 
these experiments indicating that with the progress of the decomposition 
reactions come into being which consume nitric oxide and produce nitro- 
gen. The amounts of potassium nitrate also increase under all these 
conditions. In view of the fact that this substance undergoes decompK)- 
sition under the conditions of these experiments producing potassium 
nitrite and oxygen (Ray, loc, cit). or nitric oxide and oxygen (Butkov 
and Ghassovenni, loc. cit,), the consumption of nitric oxide and formation 
of nitrogen become intelligible through the intermediate formation of 
nitrogen tetroxide from oxygen of the potassium nitrate, the nitrogen 
tetroxide reacting as in (2). Nitric oxide may be removed from the 

system also by the reaction K^O+NO+NOj, ►-2KNO3 set in as 

a result pf lack of balance in the relative concentrations of the reaction 
products induced by the decomposition of potassium nitrate. The 
reaction (/) is therefore reversible. 

Conclusion 

All observations made above indicate that the fundamental reaction 
in the decomposition of potassium nitrite is 

4KN02;f2K2 0+2N0+2N02 (/) 

U 

(2 NO+O2) 

A part of the nitrogen tetroxide escapes and its presence is noted and 
the remainder simultaneously interacts with the undecomposed potassium 
nitrite forming (t) potassium nitrate and nitrogen and (») potassium 
nitrate and nitric oxide, as suggested by Oswald, as : 


4KNO2 +2N02-^4KN03 +N2 (2) 

KNO2 +NO2 >-KN03 +NO (3) 


The potassium nitrate produced in (2) and (3) undergoes decomposi- 
tion side by side as 2KNO32KNO2 + >"02, the tendency of this re 

action being great because of the presence of nitric oxide in the system 
which removes the oxygen formed as 2N0+02=2N02, the tetroxide 
produced affecting all the reactions (i), (2) and (3). 

One of us (T.M.O.) thanks the University of Bombay, for a research 
grant towards the cost of this research. ' 

Gujarat College, Ahmedabad, 

AND 

Karnatak College, Dharwar [Received: June 15, 1942] 
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MUTUAL COAGULATION OF COLLOIDAL 
SOLUTIONS 

Part V— Effect of Dilution on the Mutual Cragulation of Collcidal 
Solutions of Ferric Hydroxide and Thorium Hydroxide by Prusnan Blue 

4 

By 

P. M. Barve, R. B. Naimpally and B. N. Desai 

F rom a study of mutual coagulation of + vely charged ferric 
hydroxide, thorium hydroxide and ceric hydroxide by — ^vely charged 
Prussian blue, copper ferrocyanide and zinc fcrrocyanide sols 2i 3»4 
it has been shown that the width of the zone of mutual coagu- 
lation is minimum when the charge on the colloidal particles of the 
reacting sols is maximum and that this relationship is independent of 
the fact whether the peptising electrolytes and other impurities present 
in the sols chemically react or not on mixing them. It has been observed 
by Desai and coworkers'*' that on diluting colloidal solutions of ferric hydro- 
xide, thorium hydroxide and prussian blue, the charge on the particles 
first increases, reaches a maximum and then decreases for samples dialy- 
sed for periods shorter than that corresponding to the maximum in the 
cataphoretic speed-dialysis curve, while it continuously decreases for 
samples dialysed for periods equal to or longer than that period. With 
a view to test the validity of the conclusion arrived at earlier that the width 
of the zone of mutual coagulation is rJtinimum when the charge on the 
particles of the reacting sols is maximum, it was decided to study the 
mutual coagulation of colloidal solutions of ferric hydroxide and thorium 
hydroxide by prussian blue by taking samples of sols dialysed and diluted 
to different equivalent extents. 

Experimental 

The sols were prepared in the same manner as before. By a number 
of preliminary experiments the concentrations of the colloidal solutions 
and the rate of their dialysis were fixed up in such a way that both the 
interacting colloids could have comparative (i) coagulating concentra- 
tions and ( 2 ) purity. Sols of different dilutions were prepared by 
adding the requisite amounts of conductivity water to the original sols. 
Dilution has been expressed in terms of the ratio 
volume of the diluted sol 
volume of the original soP 
the originahsol has thus dilution i. 
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The cataphorctic speed (cat. speed) was also determined as before. In 
the tables of results cat. speed has been corrected for viscosity and ex- 
pressed in centimetres per second per volt per centimetre X lo^. 

The zone of mutual coagulation was determined exactly in the same 
manner as described in our last paper i on the subject of mutual coagu- 
lation. 

All the experiments were carried out at a temperature of 30®C. 


Results and Discussion 

The results of measurements of charge arc given in Tables I and II and 
of mutual coagulation in Tables III and IV. 


Table I 

Changes in cataphoretic speed of colloidal solutions with progress of dialysis. 


Cataplibrctic si>eed X 10^ 


Days of 
dialysis 

Ferric 

hydroxide 

Thorium 

hydroxide 

Prussian 

blue 

0 

28.5 

:u.2 

27 4 

4 

.‘IT. 5 

30.8 

,31.4 

8 ! 

50. 

40.4 

39.0 

12 

67.2 

44.3 

4.3.4 

10 

80.. ■> 

47.7 

48.5 

20 

51.8 

,35.4 

30.9 

24 

32.3 

1 

30.8 

.32.8 


From Table I it will appear that with the progress of dialysis the cat. 
speed has first increased and then decreased as is to be expected.^* The 
maximum value of charge has occurred at a stage of dialysis of about i6 
days in all the cases. In view of this fact, measurements of charge on 
dilution of the colloidal solutions were made only with two samples 
dialysed for pel iods (lo and 4 days) less than and two other samples 
dialysed for periods (20 and 24 days) longer than 16 days, i.e.^ the periods 
before and after the maximum chargu on colloidal particles is reached, 
because the former two samples should show as observed by Desai and 
co-workers a first increase and then a decrease and the latter two a con- 
tinuous decrease in charge with the progress of dilution of the sols. This 
expectation is supported by the results given in 1 able II. 




























Mutual coagulation of thorium hydroxide by Prussian blue. 
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It will appear from the results given in Tables III and IV that the 
width of the zone of mutual coagulation is minimum (values of Z in the 
horizontal rows) for original as well as diluted sols for those samples 
which have been dialysed for 16 days and have maximum charge, thus 
confirming the earlier results I. 2. 3. 4 and can be explained in the 
same manner. 

The width o f the zone of mutual coagulation on diluting all the samlpe-. 
of the sols (values of Z in vertical columns in Tables III and IV) contis 
nuously decreases whether they are dialysed for short or long periods 
For ferric hydroxide and prussian blue dialysed for 16 days (Table III) 
the width of the zone of mutual coagulation for dilution 6 is very narrow, 
t.e., only 0.05 ; it was not possible to detect the zone at great dilutions 
as it was too difficult to detect a width of the zone smaller than 0.05. 
In the case of the pair thorium hydroxide and prussian blue this diffi- 
culty was experienced only for dilution 12. It has been mentioned 
before that for sols dialysed for periods less than 16 days the cat. speed 
first increases and then decreases on dilution (Table II), while it conti- 
nuously decreases for sols dialysed for periods longer than that period. 
Thus we find that for short period dialysed sols although the charge first 
increases and then decreases on dilution, the width of the zone of mutual 
coagulation continuously decreases, while for long period dialysed sols 
both the charge and the width of the zone of mutual coagulation de- 
crease on dilution. The observation made before that the width of the 
zone of mutual coagulation is minimum w^hen the charge is maximum 
is not supported by the present results. 

Let us now examine the causes of the peculiar behaviour on dilution 
of the colloidal solutions. As a result of dilution the distance between 
colloidal particles increases and therefore the chances of collision giving 
rise to floculation or mutual absorption of colloids decrease. To in- 
crease the chances of collision the amount of he oppositely charged 
colloid will have to be increased. The same thing will also happen with 
reference to the other colloid. This will naturally result in narrowing 
down the zone of mutual coagulation on dilution, w'hich has been also 
observc'd in the present case. It thus appears th.at of the two factors (i) 
the increase in distance on dilution and (2) charge, the influence of the 
first factor on the width of the zone of mutual coagulation is so pre- 
dominant that it does not allow the influence of the other to be 
noticed at all. 


Summary 

Mutual coagulation of +vely charged ferric hydroxide and thorium 
hydroxide by — vely charged prussian blue dialysed for different equiva- 
lent periods from the point of view of variation of charge on the particles, 
has been studied with progressive dilution of the colloidal solutions. 
It is observed that the conclusion that the greater the charge on the 
particles, the smaller the width of the zone of mutual coagulation arrived 
at previously is not supported by these dilution experiments as it is 
observed that although on dilution the charge first increases and then 
decreases for some samples of the sols and continuously decreases for the 
others, the width of the zone of mutual coagulation decreases continu- 
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otuly, These results are explained on the basis that the effect of increas* 
ing the distance between the Colloidal particles on diiution on the width 
of the zone of mutual coagulation is so predominant that the effect of 
the changes in charge is not allowed to be noticed. 
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AN ALKALIMETRIC METHOD OF ESTIMA- 
TION OF CADMIUM AND ZINC 

By 

M. M. Tillu and M. S. Telano 


I N continuation of our previous communication “A note on the 
alkalimetric method of estimation of cadmium,” (Tillu and Telang, 
J, Indian Chem. Soc., Industrial & News Edition, 1942, 5, 134), wc 
have made a more detailed study of the estimation of not only cadmium 
but also zinc whether present both together or as single cations. Cad- 
mium is estimated after precipitation as its hydroxide, while zinc is 
precipitated as its carbonate, washed free from the excess of the preci- 
pitant, then treated with a concentrated solution of potassium iodide 
and the liberated alkali is titrated against a standard acid. The 
reaction is : — 

ZnC 03 + 2 KI Znlg+KaCOg 

Znr,+2KI = K2Znl4 

EXPERIMENTAL 

EUimation of J^inc : — 

A stock solution of zinc chloride was prepared by dissolving a known 
quantity of pure zinc oxide in hydrochloric acid and then diluting to a 
known volume. Known portions of this solution were treated wdth a 
solution of sodium bicarbonate till no more precipitation took place 
and then heated in a boiling water bath for about half an hour in order 
to make the precipitate settle down clearly. It was then washed with 
hot water through a sintered glass funnel (G3) applying suction and 
finally transferred into the funnel. The washings were tested with 
silver nitrate to free from chlorides and carbonates. 

Care is to be taken that the precipitate is not allowed to be dried up 
in the funnel forming a cake-like mass. If this is once formed, it is diffi- 
cult to make it go into solution during subsequent titrations. Further, 
it is preferable to precipitate the carbonate of zinc by means of sodium 
bicarbonate to soaium carbonate. In the latter case, the precipitate 
does not esusily settle down and secondly, ^eat care is necessary to 
prevent the excess of sodium carbonate in which the precipitate is some- 
what soluble. By performing an independent experiment, we ^ have 
found that using sodium bicarbonate as the precipitant and weighing as 
zinc oxide gives quite accurate results. 

9 (a) 
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The wet and purified precipitate of zinc carbonate is then completely 

transferred using a wash bottle into an Erienmeyer fiask with a suitable 
rubber or glass stopper. A few crystals of potassium iodide are then 
added and vigorously shaken. The liberated alkali is then titrated 
against standard hydrochloric acid using methyl orange as the indicator. 
It is to be noted that the precipitate does not dissolve apparently in the 
beginning, all the same, the titration is to be carried out with the turbid 
solution, the solution getting completely clear towards the end of the 
titration as indicated by methyl orange. The factor for calculation is : 
looo c.cs. of one Normal acid is equivalent to 32.69 gms. of zinc. 

Estimation of Cadmium and Z^nc in their mixtures : — 

In another series of experiments, known mixtures of zinc and cadmium 
chlorides were estimated by this method. In such mixtures, cadmium 
was precipitated as its hydroxide using an excess of sodium hydroxide, 
zinc remaining in the solution as the zincate. Then it was filtered and 
washed with hot water through a filter-paper (Whatman No. i), the 
filtrate containing zinc. The washings were tested free from alkali 
as indicated by phenolphthalein. Cadmium hydroxide was estimated 
by the alkalimetric method. The filtrate containing the zinc and alkali 
was then neutralized with hydrochloric acid and concenfrated to a 
smaller volume and the zinc was estimated by the above method. 

The advantage of this method of separation is that cadmium when 
mixed with zinc can be quantitatively separated and estimated rapidly 
and accurately, employing a small number of operations. In the follow- 
ing table the mean results of three different experiments are recorded. 


RESULTS 


Oxide of 

Taken 

Found 

Cadmiiim 

Zinc 

0 1003 gms 

0 2208 giiiH. 

0 0997 gms 

0.2286 gms 


Mixture ol Zino 
and (’admium 

Zinc Oxide 

Cadmium Oxide 

Taken 

Found 

I’akon 

Found 

1 

0.2298 gms. 

0 2287 gms 

1 

0.1003 gms. 

0.0995 gms. 

2 

0.U49 gms. 

0.1142 gms 

0.1003 gms. 

0.0999 gms. 

3. 

1 

0.1149 gms. 

0.U41 gms. 

0.1505 gms. 

0.1497 gms. 


We thank Dr . V. K. Bhagwat for his keen interest in this work. 
Department of Chemistry, 

Ramnaraiv Ruia College, [Received : July //, 1042] 
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DIPOLE MOMENTS AND MOLECULAR 
STRUCTURE 

Part III— Dipole Moments of Diethyl Esters of Substituted Malonic Adds 

By 

N. L. Phalnikar 

T horpe and Ingold (J., 1915, 1080, ibid^ 1921, 305 ; et. seq,) postu- 
lated the valency deflexion hypothesis to account for the failure of 
Baeyer’s strain theory (Ber., 1885, 8 , 2277) even in the case of 
simple ring systems. Considerable amount of evidence has been col- 
lected in its favour from physico-chemical investigations. These methods 
comprise {%) determination of the heats of formation of 3, 4, 5 membered 
rings; {il) determination of the relative ease of fission of spiro-compounds 
and the stability of ring compounds; {iii) hydiolysis of esters, imides 
and anhydrides of substituted malonic, succinic and glutaric acids; 
{iv) dissociation constants of substituted malonic, giutaric and cyclic i : i 
dicarboxylic acids. 

Eucken and Meyer (Physikal Z., 1929,50, 397) and Smyth (Dielectric 
constant and molecular structure) have shown that the moment of a 
carbethoxy group for a given temperature is constant and the size of the 
hydrocarbon radical makes little or no difference in the magnitude of a 
moment of a mono-carboxylic ester. On the basis of these observations, 
it is expected that any change in the angle between the caibethoxy 
groups in a series of dicarboxylic esters must correspondingly affect the 
resultant moment due to the carbethoxy groups. 

Accordingly, Farmer and Wallis (J.C.S., 1933, 1 304) have determined 
the dipole moments of cyclic i : i dicarboxylic esters with a view to find 
further support to the valency deflexion hypothesis. Their lesults arc 
inconclusive and they do not give the detstils of the method used by them 
for calculating the resultant moments. 

In the present work we have determined the dipole moments of 
diethyl esters of substituted malonic acids and they have been discussed 
in relation to the valency deflexion hypothesis. 

9 (b) 
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Experimental 

Preparation of esters , — ^Diethyl dimethyl-malonate was prepared accord- 
ing to the method of Owen, Simonsen and Ramage (J.C.S., 1938, 1213). 
Diethyl mono-iso propyl-malonatc and dicthyldi-n-propylmalonate were 
obtained by the alkylation (mono or di as the case may be) of diethyl 
malonate. The crude esters in all cases were hydrolysed and the acids 
obtained were purified by crystallisation and again reesterified. Physi- 
cal properties of the esters are summarised in the following table : — 

Table- I 


Tester 

B. V. 

Donsitj^ 
at 30 

Refractive 
Index 
at 30 

Diethyl dimethyl raalonat<* 

195-96 (196) 

0.9920 

1.4010 

1 

Diethyl diethyl malonatt 

225-226 (230) 

0.9643 

1.4185 

Diethyl di-n-pro])yI-malonatf 

248-60 (248-49) 

0.8980 

1.4169 

Diethyl mono iso-propyl nialonatc^ 

214 (215-6) 

0.9785 

1.4159 


The b.p. given in the brackets have been taken from the Dictionary of 
organic compounds by Heilbron. 

The physical const, uits given in this table agret' with the values given 
in the literature. 

Determination and calculation oj atpole moments . — The .apparatus and the 
method of calculation have l)een described in parti (J. LJniv. Bom., 1941 , 
Vol. X, Part 3, 49) and Bhidc and Bhide (J. Univ. Bom., 1938, Vol. 
VII, Part 3, 93). The following table gives the values of the 
constants ocand ^ of Hedestrand’s formula (Z.Physik. Chem., 1929, B2, 
428) and the polarization at infinite dilution (P* ), the electron polariza- 
tion (Pk) and the dipole moments ( /a) in debye units. (The accuracy 
in the measurements of dipole moments is within one pei cent) 

Table II 


Kstf'I 

oc I 

P 

00 

i*l 

Be 

1 


Diethvl dimethyl malonalt' 

2.9555 

0.29462 

185.57 

46.95 

2.32 

Dietln I diethyl niHlonat(‘ 

2.3598 

0.2809 

1 

145.48 

56.50 

2.10 

1 di-n-propvl mnlonati’ 

2.5927 

0.07717 

168.28 

75.26 

2.15 

Diethyl mono-iao-propyl malonate 

3.1760 

O.3024 

1 

167.65 

51.79 

2.40 
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Discussion 

In calculating the dipole moments of substituted malonatcs the moment 
of the carbethoxy group must be known , then the resultant moment of 
the substituted malonates can be calculated by vector addition. Smyth 
and Walls (J.A.C.S,, 1931, 527) and Farmer and Wallis {loc, cit.) assume 
the moment of the carbethoxy group to be i .9 as it is the mean of Smyth 
and Walls values for the moment of ethyl acetate and ethyl formate. 
In the following calculations the mean of various values of the moment 
of ethyl acetate in benzene solution (1.835) been chosen because 
ethyl acetate is more akin to malonates. The value of the moment of 
ethal acetate in benzene solution is preferred to that in the gaseous 
phase because the experimental determinations have been carried out 
in benzene solution. No correction for atom polarisation has been 
made. 

A calculation of the dipole monient.s oi* substituted malonates can be 
made on the following assumptions 

(1) The values of the intci valency angle of the middle carbon atom 
in substituted malonates have been taken as those calculated by Ingold 
and collaborators {loc. cit.). 

(2) The moment of the carbethoxy group does not act on the C-O 
axis but makes an angle of 80° approximately with the C-C axis (0/. 
Bhatkhandc, Phalnikar and Bhide, J. Univ. Bom. 1941, Vol. X, 
Part 3, 55.) 

(3) Absence of lotation of the carbethoxy griiup about the G-C axis. 

(4) Due to the intei action of the aipoles of the two carbethoxy 
groups they are farthest apart from one another (i.c., Trans position 
with respect to one another). 

(5) Both the dipoles act in the same* plane as a result of the intei - 
action of the dipoles. 

The assumption that there is absence* of rotation of the carbethoxy 
group about the C-C axis is justified because Smyth {loc, cit.) has pointed 
out that the moments of ethyl acetates and formates determined at 
different temperatures do not show any marked variation. From the* 
dipole moments and Raman spectra of ethyl carbonate Kubo and colla- 
borators (Sci. Papers, Inst. Phys. Chem. Res. Tokyo, 19383 3 ^i ^89, and 
1937, 129) have shown that in this ester there is no rotation. More- 

over we know that even for a simple molecule like ethane (Howard, J. 
Chem. Phys., 1937, 5, 451) the rotation is very far from complete, and 
hence rotation, if at all present in these esters, may be assumed to be 
negligible. 
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The resultant moment due to the two carbethoxy groups can then be 
calculated in the usual way as will be seen from the following figure : — 



Component 11 to CL 
Component 1^«^ to CL 


Moment along 
C'B' 


Moment along 


fTiooe ^804“ ) 

—fiiBin (80+-^) 


m 008 ( 80 +'“^) 
m sin (80+ 

Components mBin ( 80+^) and — msin ( 80+*^) oanoel each other 
Total resultant moment ( =2 m Cos ( 80+ =2 m Cos (p +*^) 

Fig. 1. 


where, OC = is the intervalency angle; 

P = the angle that the moment makes with the C-C axis; 
m = the moment of the carbethoxy group (i .835). 

The total moment ( ju) then will be equal to 2m cos (p+- ^ ). 

The following table gives the results thus calculated for malonates 
along with the observed moments. 


Table III 


Eiter 

Angle 

^oal. 

jUobs. 

Difference 

Diethylmalonate 

115% 20' 

2.72 

2.54 

-0.18 

Diethyldimethyl malonate 

109°, 28' 

2.58 

2.32 

0.26 

Diethyldiethyl malonate 

106®. 20' 

2.49 

2.1 

0.39 

l>iethyldi-n-propyl malonate 

less than 109®, 28' 

‘ • 

2.15 

• • 

1 

Diethyl mono-iao-propylmalonate 

less than 116*. 20' 

' •• 

2.40 

®® 
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It will be seen from the above table that the calculated values of the 
moments are all higher than the observed moments. This may be due 
to induced moments. The order of the calculated moments, however, 
is the same as that of the observed moments and hence the results favour 
the valency deflexion hypothesis. 

The observed value of the moment of diethyl -mono-isopropyl mal- 
onate is 2.4, which lies between the values of the moments of diethyl 
dimethyl malonate and diethyl malonate. This shows that the angle 
here is less than 1 15,20' but greater than 109, 28'. In the case of diethyl 
di-n-propyl malonate the obseived moment is 2.15 practically the same 
as that of diethyl diethylmalonate and the intervalency angle, therefore, 
must be 105,20'. These results are in agreement with the valency 
deflexion hypothesis. 

Similarly the moments of cyclic i : i dicarboxylates investigated by 
Farmer and Wallis {toe, cit,) have been calculated using the above formula 
and are given in the following table along with the observed moments : — 

Table IV 


Ester 

Angle 

fl caK 

(Ji obs. 

Difference 

Diothylcyclopropano dicarbexylaU* 

110,64' 

2.76 

2.4 

0.36 

Diethylcyclo-butano dicarboxylate 

113 

2.60 

2.22 

0.44 

Diethylcyclo-pontanc dicarboxylate 

109,42' 

2.69 

2.14 

0.45 

Diethy Icy do -hexane dicarboxylate 

107,12' 

2.63 

2.23 

0.30 


It will be observed that but for the value of the moment of diethyl 
cyclohexane dicarboxylate the observed moments are in the same order 
as that of the calculated and thus support the valency deflexion hypo- 
thesis. 


Summary 

(1) The moments of diethyl esters of substituted malonic acids and 
cyclic I : i dicarboxylic acids have been calculated and have been 
compared with the observed moments. 

(2) The results have been shown to be in accordance with the 
valency deflexion hypothesis. 

I take this opportunity to thank Prof. B. V. Bhide for guidance in this 
work and for providing facilities. I also thank Dr. K.- S. Nargund, 
Gujrat College, Ahmedabad, for the interest he took in the progress of 
this work and Mr. M. K. Paranjpe of the Physics department for his 
help in the work. 

Maharaja Pratapsinh Chemical Laboratory, 

Sir Parashurambhau College, Poona [Received : July 16, i94si] 
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DIPOLE MOMENTS AND MOLECULAR 
STRUCTURE 

Part IV — Dipole Moments of Glyptals 

By 

N. V, Sathe, N. L, Phalnikar and B. V. Bhide 

G lycerine and phthalic anhydride form a series of complex 
esters having different molecular weights depending on the time 
of reaction. When the molecular weights of these esters become 
sufficiently high, products of considerable industrial importance known 
as Glyptal-resins arc formed. Kienle, Meuleii and Petke (J.A.C.S. 
Vol. 6t, 2258, 1939) have studied their properties. On the basis of their 
results they have ascribed suitable structures for the products. 

These authors have established a relationship between the acid-value 
and molecular weights of the resin formed. They have calculated out 
molecular weights according to the structures given. Their calculation 
of molecular weights 480, 488, for resins of acid- value 235 and 190 
respectively appear to be incorrect. Revised calculations give 620.6 
and 788 as the molecular weights respectively. The molecular weight 
of the simplest resin formed from 2 mols. of glycerine and 3 mols. of 
phthalic anhydride should be 628 less the amount of water formed in 
the reaction ; since the observed molecular weights of resins of acid 
value 235 and 190 are also 425 and 482 respectively, it is clear that a 
resin of this typf* must contain considerable amount of unreacted gly- 
cerine and phthalic anhydride. In this investigation the dipole moments 
of resins of different molecular weights have been determined using 
dioxan as solvent, as these resins are comparatively easily soluble in this 
solvent. 


Experimental 

Preparation of Resins , — The resins were prepared according to the 
method of Kienle and co-workers {loc, cit,). The acid-value was used 
to estimate the molecular weights. Dioxan, used as solvent, was purified 
according to the method of K. Hess and H. Frahm (Ber. 71, II B, 2627, 

1938)- 

Determination and Calculation of Dipole Moments . — ^The apparatus and 
the method of calculation have been described in Part I (Phalnikar, 
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Nargund and Bhide, J. Univ. Bom. Vol. X, Part 3, 49, 1941, and Bhide 
and Bhide, J. Univ. Bom. Vol. VIT, Part 3, 93, 1938) 


Discussion of Results, The following table (No. I) gives the specific 
polarisations at various dilutions and the dipole moment of a resin of 
molecular weight 1048 and acid-value 128.4. The moments have 
been measured at five different frequencies, i.e.y from 30 to 300 m. 


Ta le I 

Specific Polarisations 

Molecular Weight 1048 Acid Value 128 . 4 


Wave length m 
meters 

!•>% 

10% 



30 

1 1422 

1.1889 

1.2522 

7.37 

QO 

1 .U2{) 

1.1751 

1.2345 

7.31 

90 

1 1049 

1.1622 

1.3002 

7.21 

ICO 

1 

1.1026 

1.1033 

6.93 

300 

1.0415 

1.0960 

1.1556 

0.88 


(All dipole moments are expressed in Debye Units) 


The results show that the moments increase with increasing frequency 
and at 150 meters anomalous dispersion is observed. Hence the rest 
of measurements have been carried out at a wave-length of 300 m. 

The following table (No. TI) gives the value.' of the constants c<, 
«< (for refiactive index), (3 of Hedestrand’s formula (Z. Physikal Chem« 
B 2, 428, 1929), polaiisation at infinite dilution (P i ), electron polarisa- 
tion (P £ — ) and dip >lc moments of different resins. 


Table II 


Itesin 

No. 

Acid 

yalu(‘ 

Molecular 

Weight 

X 

c< ' 


1 

214. G 

430 

1.1206 

0.08714 

0.13295 

2 

190.0 

470 

1.3591 

0.09481 

0.14473 

3 

151.6 

627 

18.9688 

* 1.27326 

1.91063 

4 

131.7 

950 

26.9903 

1.83405 

2.85116 

1 

5 

128.4 

1048 

29.8865 

2.12574 

3.13006 


10 
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Tabie II— 


Resin 

No. 

Add 

Value 

Molecular 

Weight 

I 


P 

f* 

1 

214.6 

430 

176.42 

106.25 

1.86 

2 

190.0 

470 

196.06 

116.13 

1.90 

3 

151.6 

627 

760.32 

164.68 

5.48 

4 

131.7 

1 

950 

1097.8 

232.41 

6.65 

6 

128.4 

1048 

1214.7 

260.04 

6.88 



Mplcev^Uv 
Fig. L 

The results are represented in Fig. i. It will be observed that the 
diTOle moment increases ^th increasing molecular weight of the resin. 
Mol^ular weight of 950 indicates a limit after which the moment does 
not increase appreciably with increasing molecular weight, 
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It has been shown that the resins are mixtures consisting of monomer, 
dimer, trimer, tetramer, unreacted phthalic anhydride and glycerine. 
It is not possible, therefore, to calculate out the dipole moments from 
structural knowledge. It will be interesting, however, to note that 
when the dipole moments are plotted against molecular weight obtained 
from the acid-value data, a curve very similar (but inverted) to the acid- 
value molecular weight curve is obtained, and hence the dipole moments 
may be used for the determination of molecular weights of these resins. 
Further it will be noted that as the molecular weight increases the dipole 
moment of the resin appears to reach a limiting value. This niay be 
possibly due to the formation of cross-links and as the polymerisation 
proceeds the molecules get larger and hence increase in length cancels 
out the dipole moments of the newly added groups. 

From the curve in Fig. i it appears that more measurements of dipole 
moments are necessary to draw more definite conclusions, but as dioxan 
became unavailable experiments could not be carried out further. It 
was intended to find out the moment at the stage of gelation, but at this 
stage the solubility of the resin in dioxan became so low, that it was not 
possible to determine the moments. 

Maharaja Pratapsinh Chemical Laboratory, 

Sir Parashurambhau College, Poona [Received : July /(S’, 1942] 



CATALYTIC DECOMPOSITION OF 
POTASSIUM CHLORATE 

By 

G. B. Kolhatkar and U. A. Sant 
Part I 

Decomponiion of potassium chlorate heated in the presence of the following 
oxiaes IS studud : TtO^^ Cr^O^^ MnO^y Co^On^^ Ni^O^ and CuO 

Introductory 

D ecomposition of KCIO3 heated alone 01 with other sub- 
stances is studied by many worker^*. When heated alone KCIO.^ 
begins to decompose at about 4oo°C. In the neighbourhood of 
400®C It mainly decomposes into KCIO4 and KCl and at a higher 
temperature, mainly into KCl and Oxygen. Teed, (J. C. S, 5/ [ibSyj 
283) suggested various equations for the decomposition of KCIO3. 
Scobai (Z. Phy. Ch. 44 [1903] 322) studied the kinetics of these reactions 
and Otto and Fry (J.A.C.S. 46 [1924] 269) found that the presence of 
KCl favours the formation of KCIO4 . 

Baudrimont (J.G.S. 24 [1871] 1151) studied the catalytic decomposi- 
tion of KCIO3 in the presence of a number of oxides. W^ith CuO the 
evolution of oxygen begins at about 24o''C. At about 286*^0 the re- 
action becomes explosive, the tempciatuic lising lapidly to 36o°C and 
similar behaviour is shown with MnOo. The oxygen evolved contains 
traces of chlorine. W^ith Al^O^ the pioportion of chloiine in the oxygen 
is a little greater. Mills and I)onald (J.C.S. 4 [1882] 18) and Mills 
and Stevenson {ibid 4 [1882] 23) used ppted and ppted Mn02 

as catalysers. With Fe203 the decomposition begins at about iqo^C 
and with Mn02 at about i8o®C. 

Hodgkinson and Lowndes (Chem. News [1888*] 309) and {ibid 
[1889] 63) dropped Mn02 and other oxides, well powdered^ in melted 
KCIO3. A sudden evolution of oxygen occuircd in many cases and 
the oxygen evolved contained traces cf chlorine. They further found 
that the proportion of chlorine is greater the more acidic the oxide. 

Macleod (J.C.S. jj [1889] 184) found that the decomposition of 
KCIO3 is accelerated even when the amount of MnO used is as small 

* For a compri'henBivc Buinmary of the pnnKms ivork on this hubjeot, see Gmelin^s 
Handbuob l)or Anorganischen Chomie, 8th Edition, Chlor, Number 6, pages 340-346. 
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as 1%. He explained the presence of chlorine in the oxygen by assuming 
that intermediate compounds are formed between KGIO3 and Mn02 
which by their decomposition produce chlorine. Sodeau (J.C.S. S 
[1902] 1066) put forth the view that the catalytic activity of the different 
oxides is due to their alternate oxidation and deoxidation. He suggested 
that the presence of chlorine it) the oxygen is due to a reaction between 
Mn02 and KGl. Deniges (Ghem. Zentr. ii [1936] 1873) found, how- 
ever, spectrospic evidence for the formation of manganese permanganate 
in the course of the decoiuposilion of KGIO3 and Mn02. 

Fowler and Grant (J.C.S. 57 [1890] 272) h(‘atcd KGIO.^ with a 
number of oxides and found that about 16% of the catalyst produced 
maximum acceleration in the decf)mposition. 

Finely powdered silica is also found to accelerate catalyticalJy the 
decomposition of KG O3, Farmer and Firth ( J.G.S. i?5 I.1924] 82), 

If the tcmpeiature, at which spontaneous decomposition of KCIO3 
occurs, in the presence of different oxides, is determined, it is found to 
have a definite value for each oxide, McLaughlin (J.A.G.S. ^5 1 ^ 923 ] 
1343). Further FejO^ and GuO wh(‘n addc'd to Mn02 act as pro- 
moters and increase the catalytic activity of Mn02, Neville (J.A.G.S. 

45 [1923] 2330)- 

The decomposition of KCIO3 h found to be appreciably influenced 
by variations of pressure, Burrows and Brown (J.A.CfS. ^8 [1926] 1790), 
MacLaughlin and Biown {ibid [1928] 782). 

In recent years, chemical methods arc supjdcincntcd by magnetic 
methods and they support the view that catalytic activity of Mn02, 
G02O3 and magnetic oxide of iron is due to the formation of unstable 
intermediate compounds, Bhatnagar, Prakash and Singh ( J.I.G.S. 7 
[1904] 125, 133), Bhatnagai Kapur, Bhatnagar and ^uyyuni (ibid 8 

L'94i] 390- 

Gatalytic power of most of tlu* oxid(\s of tlic t»’'insitional (‘Icments, in 
the first long period of the periodic classificatioii, lias been studied by 
previous workers but systematic work to study the catalytic power under 
comparable conditions and to study the decomposition under these 
conditions as a time reaction has not been done. An attempt to do this 
is made in the present investigation. 

Lxperimental 

Ti02 nnd Gr2 0 ;j were MercL’s pic])aiations and the remaining 
oxides were prepared in the laboratory. All the oxides used were dried 
in a steam oven. 

The amounts of the dilhii ent oxides mixed w ith 1 22 . 5 gms. of potassium 
chlorate are : 


Oxide 

Amount in gins. 

iiO.j; 

7.99 . 

Mn()2 

. . • . . 8.60 

Fc 2 3 

7.98 

Go 2 0 

8.29 

N i •> ( ) 3 

8.27 

Cub 

7.96 

Cr2 03 

7.6 
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Salt Used 

Tem- 

pera- 

ture** 

Time in 
Mi- 
nutes 

V 

Volume 
of Gas 
Liber- 
ated 
in r.c 

V 

Total 
Volume 
in c.e. 

K 

Mean K 

Titanium Sulphate 


■1 


313.4 

1 o.ooooms 







0.00004697 







0.00004486 





128.0 


0.00004400 

0.00004580 

Vanadium Chloride 

3()6°C 

30 

43.2 

329.8 

0.00001521 




00 

70.0 


0.00001513 




90 

102.42 


0 00001518 




120 

122.42 


0.00001491 

0.00001511 

Chromium* 

o 

O 

00 

28.1 

1.58.12 

().00M0229S 


Sulphate 


120 

40.0 


0 00001774 




180 

47.2 


0 00001488 




240 

r^A 


0.00001370 


Manganese Sulphate 

2(!5°C 

30 

30.4 

313.4 

0.00001142 




00 

.^»4.« 


0.00001124 




120 

94.42 


0 00001147 




180 

122.82 


0.00001142 

0.00001138 

Ferrous Sulphate 


00 







90 

04. S 

.332 2 

0.00001215 




120 

89.02 


0.0000 1230 




ir»o 

112.02 


0 00001 270 





129.02 


0 00001281 

0.00001252 

Cobalt Sulphate 

250°C 

00 

32.0 

329.8 

0.000005428 




120 

.'lO.O 


0 (K)(K)O5l00 




ISO 

7S.1 


0 000005252 




240 

98.42 


0.000005375 




300 

11.*) 22 


O.OI)(KK)5428 

0.000005329 

Nickel Sul])hate 

275“(; 

(JO 

49 0 

313 1 

0 oooooino7 




120 

80.42 


0 0000(0013 




ISO 

114.42 


0 0000)020 




240 

1.30.02 


0 00001020 

0.0(M)01()13 

CojUK'i Sulphate*** 

27r> V 

0(» 

31.4 

311.0 

0 (100000531 




210 

(i2.4 


0 000000585 




ISO 

80.12 


0.0000()(J720 




240 

100.12 


o OOOOOOS03 

0.000000059 


* The \aluoa of the fonsiants vary here to a consi(leral)]o extent. It is probably 
due to the gradual oxidation of the catalyser by jiotassium ehlorato during heating. 

** The temiiotatureH in the experiments are so chosen that about 4(l per cent of the 
reaction should bi» comph'tc'd in a few hours. 

*** The mixtuies (hange colour on heating and the sail cannot l)e extracted with 
watt*r ^rom the heated mixture. It is, therefore, jirobable that dining heating, thoisalis 
are couvert<*d into oxides, which then act as catal^'sors. 

.V H , — Details about the investigation will be found in the thesis for M.So. Degree 
submitted to the Horn bay ruivcrsity by V. A. Sant. 


[Received: July i8^ ^9^^] 
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MERCURATION OF PYRIDINE 

By 

C. K. Kanvinde, R. S. Borkar, A. N. Kotiiare 
AND V. V. NaDKARNY 

S achs and Ebrhartinger (Ber., 1923, jff, 2223) have described the 
mercuration of pyridine by healing it with mercuric acetate. They 
have reported the isolation of two compounds : A and B; A is obtained 
by adding a saturated solution of NaCl to the reaction product ; the 
filtrate from the above was treated with KI to give B.A. was claimed to 
be 3, 5-dichloro-mercuri-pyiidine and B to be 3-iodo-mercuri-pyridine. 
However, in a subsequent paper by Nial P. Macleland and Robert H. 
Wilson (J. C. S., 1932, 1263) the above results have been called in ques- 
tion. The latter authors report that A is a mixture containing 3-chloro- 
mercuri-pyridine (70.3 per cent) ; the other compound is not identified 
by them. For B, they have assigned the formula C5Hr,NHl3. Hg 
based on the results of analyses and on its reaction with NaOH to give 
yellow HgO. 

Therefore, in order to remove the contradictions and clarify the posi- 
tion, the mercuration of pyridine has been re -investigated by us. 

W(^ have been able to obtain an amorphous powder (A) by adding 
saturated solution of NaCl to the reaction product of pyridine and mer- 
curic acetate. It is found to be mixture of two substances : one of them 
is soluble in 95 per cent alcohol, and is found to be 3-chloro-mercuri- 
pyridinc, with the formula CsH^N. HgCl. H2O ; on crystallisation it 
yields long, white needles melting at 184'' C. The yield of this comipound 
is 65 per cent. The other component insoluble in alcohol is found to be 
a complex compound containing two mercury atoms and two chlorine 
atoms with nO C-Hg linkage in it. Analyses agree with the formula 
C5H5N. Hg2Cl2 . The yield is 35 per cent. 

Further, instead of NaCl solution, we have used KBr and KI solutioris 
and obtained the corresponding compounds. Thus 3-bromo-m(jrcuri- 
pyridine, 3-iodo-mercuri-pyridine and the two complex compounds 
C5H5N. Hg2 Br2 and CsH^N. Hg2r2 have been isolated by us. 

We have also examined the question regarding the structure of B. 
Our results show that the compound B is to be as^jigned the formula 
C5H5 NHI3 Hg. This confirms the conclusions of the English authors. 
We have also been able to show that as a result of mercuration and sub- 

10 (a) 



102 


JOORKAL OF THF UKIVURSflY OF fiOliC^AV 


sequent treatment of the reaction product with KI, three different pro^- 
ducts could be isolated. They are : 3-iodo-mercuri-pyridine C5H4N, 
Hgl. H2O ; a complex of mercurous iodide and pyridine C5H5N. 
Hg2l2 ; and pyridine tri-iodo-mercuriate : C5H5N.H.l3Hg. 

Experimental 

Preparation of Mercuric Acetate : — 

Mercuric acetate is prepared by heating HgO with glacial acetic acid 
on a water bath. The heating is continued until all the mercuric oxide 
goes into solution. The solution is removed from the water-bath and 
is allowed to cool slowly, when the crystals of mercuric acetate separated 
from the solution. It is transferred to Buchner funnel, and the acetic 
acid is completely drained off by means of a suction pump. I’he mass is 
then kept over CaO in a dessicator for a few days. 

Preparation of Acetoxy-^Mercuri-Pyridine : — 

loogm.of mercuric acetate and 140 cc. of pyridine are mixed together 
in 500 cc. flask. The temperature rises to about 6o°C and the mercuric 
acetate is dissolved. The flask is fitted with a long air condenser, and 
is heated on an oil bath for about 2^ hours. During the reaction the 
temperature is maintained between 178® and 180°. It is then allowed 
to cool. 

^-Ghloro- Mercuri-Pyridine : — 

The reaction mixture is diluted with four times its volume of water 
and solid NaCl is aaded until the precipitation is complete. The mixture 
is filtered through Buchner funnel and dried by washing it with ether ; 
yield of the crude product is 152 gm. 50 gm. of the above crude product 
are continuously extracted with 95 per cent alcohol, in which the major 
part of it is found to be soluble. The remaining part is found to be 
insoluble in any organic solvents. It crystallises in long white needles. 
It melts at 184^0 without decomposition. The compound obtained by 
the English authors melts at 278-280 with decomposition and has been 
given the composition CsH^N. Hgcl. 

Found Hg=^59.9% ; 59.6% ; Cl 10.5%, 10.6% ; N 4.4% ; 4.4%. 

Calculated for CBH4N. HgCl. H-iO, 

Hg. 60.4% ; N 4.2% ; Cl 10.7%. 

lOgm. of the substance warmed on a water bath with 5 gm. of 
bromine in KBr solution gave 3-bromo-pyridine. The yield of the 
bromo compound is 75 per cent. 

3*Bromo-Murcm^Pyridme 

To the diluted solution of acetoxy-mercury-pyridine solid KBr is 
added, and the precipitate obtained is filtered through Buchner funnel. 
The yield of the crude product is 1 73 gm .50 gm. of the above bromo-deriva- 
tivc are oontjniiously extracted with 95 per cent alcohol. The alcohol 
extract on crystallisation yields 31.5 gm. of long whi^ needles m.p. 1 48 ®C. 
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The residue insoluble in alcohol is found to be insoluble in any other 
organic solvent. 

Found N 3.9% ; Hg 53% ; Br 21.5% ; 21 .3%. 

G5H4N. Hg Br. H^O requires 
N 3.7% ; Hg 53% ; Br 21.2%. 

On broinination with bromine in KBr, 3-bronio-pyridine is obtained. 
^-lodo-Mercuri-Pyridine : — 

Acetoxy-mercuri-pyridine is diluted with water, and solid KI is added 
in small quantities at a time till the precipitation is complete. The yield 
of the crude product is 212 gm. 50gm. of the above product is extracted 
with 95 per cent alcohol. The alcohol extract on crystallisation yields a 
yellow substance. The yellow substance is repeatedly treated with 
benzene, in which a major part of it is soluble. I’he benzene extract 
on crystallisation gives white crystalline substance which turns red in the 
presence of moisture. 

It is fairly soluble in all common solvents. It melts at 123"^ without 
decomposition. 

Found Hg 47.2% ; 47-i% ; I 3^-2% ; N 3.4%; 3.4%. 
Calculated for C5H4N. Hgl. H2O 

Hg 47*4% ; I 30.0% ; N 3.3%. 

6gm. of the substance are refluxed with loocc. of 90 per cent alcohol 
and logm. of KCl when 3-chloro-mercuri-pyridine is obtained. 

Preparation of Complex Mercurous Chloride Pyridine Derivative : — 

The insoluble compound obtained by treating the precipitate of chloro- 
derivative of mercuri-pyridine with alcohol is a gray amorphous powder, 
insoluble in any of the organic solvents. It decomp oses at 203° — 205 

Bromine in KBr does not substitute but decomposes the substance 
giving pyridine which is detected by its peculiar smell. 

Found N 2 . 6% ; Hg 72 . 2% ; Cl 1 2 . 7% . 

The formula G5H5N. Hg2Gl2 requires 

N2.5%; Hg72.7?/o; Cl 12.80/0. 

Preparation of a Complex of Mercurous Bromide Pyridine Derivative : — 

The insoluble compound, obtained from the bromo-derivative or 
mercuri-pyridine after extraction with alcohol is amorphous powder 
decomposing at 223° C. It is insoluble in organic solvents. 

Found N 2.2%; Hg6i.8%; Br25.o% 

The formula C5H5N, Hg2Br2 requires 

N2.i%; Hg62.4%j Br25.3%. 

Preparation of the Complex Mercurous Iodide Pyridine Derivative : — 

The insoluble compound obtained by treating iodo-derivative of 
mercuri-pyridine with alcohol is found to be a gray amorphous powder 
insoluble in organic solvents. 
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It decomposes at 23a® — 236°C. 

Found Ni.9%; Hg54.o%; I 34 - 4 %- 

The formula C5H5 N. Hg2l2 requires 

Ni. 9%; Hg54.4%; 134-6%. 

Pyridine TruIodo^Mercuriale C^H^NH HgJ^ : — 

1) 50 gm. of mercuric acetate and 70 cc. of pyridine are refluxed for 
about 2 hours on an oil-bath at 178® to i8o°C. It is then diluted with 
water and solid NaCl is added when the precipitate of chloro-derivative 
of mercuri-pyridine is formed. It is then filtered. The filtrate on addi- 
tion of a saturated KI solution gives a yellow precipitate. It is found to 
be soluble in pyridine, acetone and glacial acetic acid, but insoluble in 
ether and benzene. It is crystallised from glacial aceticacid. The 
yellow needles obtained melt at 152® — I53°C. (According to the English 
authors, the m.p. is 154®). 

Found N2.2%; Hg 30.0%; 157.8%, 

Calculated for the formula C5H5NH Hg 1 3 

N2.i%; Hg30.3%; 157-6%. 

2) 50 gm. of mercuric acetate and 70 gm. of pyridine are refluxed on an 
oil bath heated upto 1 78® to i8o°G for about 2^ hours. 

The mixture is then diluted and a saturated solution of KI is added 
till the precipitation is complete. It is then filtered. The yellow preci- 
pitate is repeatedly treated with alcohol, in which the major part of the 
compound is soluble. 

The alcohol insoluble compound is found to be complex mercurous 
iodide pyridine derivative C5H5N Hg2l2. 

The alcohol-extract on crystallisation gives yellow needles. On heat- 
ing the crystals with benzene, it is found that a large portion of them 
gets into solution. The soluble portion on crystallisation gives 3-iodo- 
mcrcuri-pyridinc . 

The benzene insoluble compound is found to be soluble in pyridine, 
acetone and glacial acetic acid. On crystallisation from glacial acetic 
acid, it forms yellow needles melting at I53°G. 

It is the pyridine mercuriate C5H5NH Hg I3 and shows no depression 
of the melting point with the compound obtained under (i) above. 

Summary 

Pyridine has been mercurated with mercuric acetate and as the result, 
three different ty^ies of mercury derivatives have been obtained : 

C5H^N. Hg X. H2O ; GgHfiN. HggXg ; 
and GnHnN. H XsHg. 

where X-Cl, Br, I. 


St. Xavier's Golleoh, 
•Bombay 


[Received: July 21^ 1942] 



FATTY OILS FROM THE SEEDS 

Of iWomordica Charanfia and Momordica Dioica (N.O. Cucurbitaceae) 

By 

J. W. Airan and S. V. Shah 

T he authors (Current Science, Vol. ii, No. 6 , 246) had reported the 
figures for the physical and chemical constants of these oils. 

The seeds investigated were collected from the immediate neigh- 
bourhood of Kolhapur. Both these creepers grow wild, and the fruits 
are on the vegetable market generally during the later part of the mon- 
soon. 

M. charaniia (Mar : karla ; Eng : carilla fruit ; Hindi and Gujerati : 
karela) has spindle-shaped fruit, having the appearance of crocodile’s 
back. The fruit is bitter. The seeds arc long, compressed, and are 
covered with red pulp when ripe. 

M. dioica (Mar : ran karla ; Gujerati : kantoli ; Hindi : heksci) has 
ellipsoidal fruit, having soft spines. The seeds are biconvex, and are 
enclosed in red pulp when the fruit is ripe. 

Both these fruits are used medicinally (M. Isaacs : Commoner Flower- 
ing Plants of Western India, 1927 Ed., pp. 145, 146) and also as veget- 
able ; but no particular use is indicated for the seeds alone. 

The fatty oils from these seeds become rancid on exposure to the air, 
that from M. charaniia being affected more quickly. In fact, when the 
oil from the seeds of the latter is spread in a thin layer, a white lattice - 
like formation is observed. 

The oils were extracted with carbon tetrachloride in a soxhlet apparatus 
and the last traces of the solvent thoroughly removed by distillation in 
vacuo. In this solvent the oils appear red in refracted light and indicate a 
greenish tinge in the reflected light. Ordinarily, the oils appear green- 
ish. They have the smell peculiar to the fruits themselves. They dis- 
solve in petroleum ether completely. Their yields were calculated on 
the weight of the decorticated seeds. Table I gives their physical and 
chemical constants. 

10 (b) 
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Table I- 

M. ehamnlia M. dioka 

Yield, per oent 

• • • • 35 

40 

Specific gravity at 25^C 

0.9962 

0.9892 

Refractive index at 25°C 

1.4985 

1.6170 

Acid value 

4. 75 

2.78 

Saponification value 

181.3 

186.6 

Iodine value 

73.33 

72.66 

Keiohert-Meissel value 

2.52 

3.05 

Polenske number 

0.62 

1.81 

Acetyl value 

2.0 

7.70 

Unsaponifiable matter, i)er cent . 

0.6 

0.7 


The Insoluble Fatty Acids 


The oils were saponified with alcoholic potash, and the soaps, after 
being washed with ether, were decomposed with hydrochloric acid to 
liberate the fatty acids, when only in the case of the soaps from M, char a- 
ntia a volume of greenish floculent mass appeared suspended in the 
beaker. When filtered through a hot water funnel, it shrank and became 
brown in colour. A good deal of water filtered through first, followed by 
brown liquid, the latter solidifying immediately. For this reason the 
liberated fatty acids were taken up with ether. The ether extracts were 
dried, and the ether removed, when brown solid masses were obtained. 
These solid masses, on being allowed to stand, exhibited within a short 
time, white flakes, apparently of stearic acid. Table II contains the 
constants of these mixed acids. 


Table II 



M. char anti a 

M. dioica 

Yield, per cent 

93.9 

90.3 

Iodine value 

75.71 

74.76 

Acid numl)cr 

201.9 

200.1 

Hence, mean mol. wt. 

277.3 

279.9 


Separation of saturated and unsaturated fatty acids was effected by Twit- 
cheli’s lead-salt method (J. Ind. Eng. Chem., 1921, 13, 806). 



M. charantia 


M. dieica 

Mixed acids taken 

10.5 g. 


13.6 g. 

Solid acids obtained 

1.69 g. 

if 

2.3g 

i.c., per cent 

16.3 


17.0 

Li<pitd acids obtained 

8.81 g. 


11.2 g. 

i.e., per oent • . 

83.7 


83.0 
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SouD Fatty Acids 

The solid lead salts were decomposed with dilute nitric acid, and the 
liberated acids taken up with ether. The ether extracts were washed 
with water till the washings were no longer acid to methyl orange. Then 
the ether was evaporated, and the solid acids obtained, crystallised from 
alcohol. In both cases the only saturated acid obtained was stearic 
acid, as can be seen from the data in Table III. 


Table III 


M, charantia JIf. dioica 


Iodine value 

1.9 

2.0 

Acid numl)er 

197.0 

197.0 

Henoe, mean mol. wt. . . . 

284.. 1 

284.3 

Melting point, without any reorystallisation 

05°C 


Melting point, only after firnt crystallisation from alcohol . . 

OOT 

09T 


Mixed melting point with an authentic sample of stearic acid, in both 
the cases, was found to be 69 ®C. 

None of the fractions during the rccrystallisation yielded any other 
acid except stearic acid. 


Liquid Fatty Acids 

Table IV below gives the constants of the liquid fatty acids from both 
these oils. 



Table IV 



M. rharantta 

M, dioica 

Iodine value 

90.1 

90.7 

Acid number 

199.2 

199.7 

Hence, mean mol. wt. 

281.2 

280.6 


Bromination of these liquid acids was carried out in the usual manner in 
glacial acetic acid at the temperature of ice, and the mixture was left 
overnight in an ice-box. No solid bromine compound was obtained. 



M. rharanlia 

M. dioica 

Acids taken for bromination 

1-8 g. 

2.2 g. 

Liquid bromo-compound obtained 

2.93^. 

3.69 g. 

Bromine contents, found, per cent 

36.22 

36.6 

Theoretical bromine contents for Oleic Dibromide: 36.18 per cent 



Thus oleic acid was found to be the only unsaturated acid present in 
both the oils. 
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In the oils, the percentages of these acids then would work out as fol- 


lows : 




3f. charantia 

if, dioica 

Stearic acid 

16 . 3 t 

16.35 

Oleic acid 

78.59 

75.28 


Thus both the oils appear to have the same fatty acid contents, their 
percentages varying not much. In both the cases, the stearic acid ob- 
tained is quite in pure state, whereas the so-called commercial stearic 
acid on the market requires several re-crystallisations to purify it. 

There is another point of interest. M, charantia and M, dioica belong 
to a botanical natural order {Gucurbitaceae) the seed fats of whose members 
have not so far been found to contain even a preponderance of stearic 
acid over palmitic acid, let alone the former to the exclusion of the latter. 
On the other hand, the seed fats o^Luffa aegyptiaca [Pieraerts and de Winter : 
Ann. Mus. Colon. Marseille, 1928, (6,) 5] and of Trichosanthes Kadam 

(Sack : Pharrn. Weckblad, 1903, 40, 313) of this same family contain 
about 20 per cent palmitic acid as the only saturated acid, and oleic acid 
as the only unsaturated acid. 

There are, however, certain other families {Meliaceae, Sterculiaceae, 
Guttiferae^ Sapotaceae^ and Verbenaceae) ^ the seed fats of whose members, so 
far investigated show a preponderance of stearic' over palmitic acid, A, 
(Pieraerts and Adriaens : Mat. grasses, 2/, 8510, 8539), A. klainei 
(Adriaens : Mai. grasses, ^5, 9931, 9961), and Garcinia Cambogia (Rau 
and Simonsen : J. Soc. Chem. Ind., 41, 902 A), all belonging to the 
natural order Guttiferae, containing stearic acid as the only saturated acid 
to the extent of 52-56, 65.2, and 30 per cent respectively. 

There is another example where two members c)f the same family con- 
tain not the same saturated acid ; Dumoria Africana (Pieraerts : Mat. 
grasses, .2/, 8701) containing 46 per cent stearic acid and the rest oleic 
acid, whereas Madliuca butyracea (Pelly : J. Soc. Chem. Ind., 98) 
contains 54 per cent palmitic acid as the only saturated acid and the rest 
oleic acid. Both these belong to the natural order Sapotaceae. 

Thus M, charantia and M, dioica seed fats, in respect of fatty acid com- 
ponents resemble more the seed fats from the members of these other 
families rather than those of its own family. As against this, they do 
not resemble the seed fats of the former from the point of view of the col- 
lective relative percentages of the unsaturated acids as much as they do 
those of their own family. 

(The experimental part of this work was carried out by Mr. Airan 
alone. — S. V. S.) 


Rajaram College, 
Kolhapur 


[Received: July /, J942] 



STUDIES IN 5-HYDROXY-COUMARINS 

Part I — Chalkones from 5-Hydroxy-6-Acetyl-4-MethyIcouinarin 

By 

N. M. Shah 


5 -HYDROXY-6-acyl-4-methylcoumarins, now easily available by the 
condensation of resacetophenone and several other 4-acyl-resorcinols 
with ethyl acetoacetate in presence of aluminium chloride (Sethna, 
Shah and Shah, J. 1938, 228 ; Shah and Shah, J. 1938, 1424 ; Deliwala 
and Shah, J. 1939, 1250 ; Proc. Ind. Acad. Sc. 1941, 13 {A), 352), are 
substances of much value for synthetical purposes. Their easy accessibility 
opens the way for the synthetical preparation of complex heterocyclic 
compounds like chromono-, flavono-, furano-coumarins and coumarones 
as well as natural products containing such ring-systems. As a part of 
the systematic study to synthesise such hetcro-cyclics, this investigation 
has been undertaken. 


The above 5-hydroxy-6-acyl-coumarins on h* mg subjected to the 
Kostanecki acylation lead to the synthesis of chromono and flavono- 
coumarins and several of them have already been described (Sethna, 
Shah and Shah, loc. cit,^ et seq). The present communication deals 
with the synthesis of chalkones derived from 5-hydroxy-6-acetyl- 
\ 4-methylcoumarin. 

A perusal of literature shows that in recent years, a considerable 
amount of work on chalkones has been published (Wheeler and co- 
workers, J. 1937, 1737 ; 1938, 1320 et seq ; Venkataraman and co- 
workers, J. 1935, 866 ; 1936, 569 ; Chakravarti and Dutta, J. Indian 
C. S. 1939, ^6*, 639 ; Lai, ibid, 296); but all of them are derived from 
aromatic ketones. No work appears to have been done on chalkones 
from hetero-cyclic ketone derivatives. Coumarino-rhalkones described 
in this paper are obtained for the first time. They have been prepared 
from 5-hydroxy-6-acetyl-4-methylcoumarin by condensation with 
aldehydes, viz,, benzaldehyde, vanillin, B-resorcylaldehyde and ani- 
saldehyde, protocatechuicaldehyde and^salicylaldehyde in the presence 
of alkali. As this reaction is shown to be reversible (Schreiner and 
Kurosawa, J.A.C.S. 1930, 52,2538), the equilibrium being dependent 
on temperature and the concentiation of the alkali, attempts were made 
to determine the best conditions for their preparation. The presence 
of the (X-pyrone ring which is susceptible to rupture in presence of hot 
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alkali further complicated the matters in the beginning. After some 
trials, it was observed that the above-mentioned condensation could 
be best effected in presence of 40-50 per cent, potassium hydroxide 
solution at room temperature, and that no heating should be resorted 
to. 

The general procedure adopted was to suspend the coumarin in al- 
cohol in which it is sparingly soluble and after addition of the aldehyde, 
to treat the mixture carefully with potassium hydroxide solution with 
cooling under tap. It was then left at room temperature with occa- 
sional shaking, the period varying with the aldehyde taken. As the 
reaction proceeded, the coumarin went into solution, the yellow colour 
being replaced by deep red-browm. 



The coumaririo-chalkoiies dissolve in rone, sulphuric acid with bluish- 
red colour, are soluble in alkali with yellow colour .ind give fen ic chlo- 
ride coloui test. 

These chalkoiics provide suitable starting materials for synthesis of 
the corresponding coumarino flavones and flavanones. 5-hydroxy-4- 
methyl-coumaiino-G-styryUketonc (I ; R— Ph) on treatment with 
selenium dioxide in amyl alcohol gave 4-methyl-flavono-7' : 8' : 6 : 5- 
Gt-pyrone (II ; R -=iPh) in good yield (Shah and Deliwala, Pioc. Ind. 
Acad. Sc., under publication) and on treatment with dilute alkali gave 
4-methyl-flavanono-7' : 8' : 6 : 5" Ot— pyronc (III ; R=Ph). 


Experimental 


§^kydroxy-4^methylcoumannc-6-styryUketone: — 5-hydroxy-6-acetyl-4-m»thyl- 
coumarin (Sethna, Shah and Shah, J. 1938, 228) (2.5 g.), alcohol 
(30 c.c.) and bcnzaldchyde (1.5 c.c.) were mixed and to the mixture 
potassium hydroxide (^o per cent. 35 c.c.) was slowly added with cooling 
under tap. The mixture was then left overnight with shaking at inter- 
vals. As the reaction pi'oceeded, the insoluble coumarin went into 
solution, a dark red solution resulting. It was then diluted with cold 
water and acidified with acetic acid. A reddish oil separated which 
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slowly solidified. The solid was collected and boiled with a little quant- 
ity of alcohol. Two isomeric chalkones were separated. The insolu- 
ble part was crystallised from acetic acid, in fine yellow’ needles, 
m.p. 221-220°. (Found: G, 74.14; 11,4.97. G19H14O4 requires 

C, 74.5 ; H, 4.6 per cent.). 

The alcohol-soluble portion deposited on keeping yellow granular 
crystals, recrystallised from alcohol, m.p. 175-176°. 

Both the chalkones giv(' ferric chloride colour test, dissolve in sulphuric 
acid with bluish-red colour and give yellow colour without any fluore- 
scence in alkali in which it is sparingly soluble. 

The above condensation was tried in presence of different concentra- 
tions of alkali : 40 per cent. KOH gave the same products ; in presence 
of 25 per cent. KOH, a mixture of chalkone and llavanone was produced; 
with 10 per cent, concentration of alkali, no condensation could be affected. 


Action 0/ dilute alkali on the above chalkones I'hc chalkone m.p. 175- 
176° (I g.) w'as treated with sodium hydroxide solution (1.5 per cent.; 
15 c.c.) for about 10-15 minutes on boiling water-bath and then allow^cd 
to remain at room temperature overnight. It was then acidified and the 
solid obtained crystallised from alcohol, small colourless needles, m.p. 
237°. 4-methyl-flavanono-7' : 8' : 6 : 5“0t-pyroiie (111 ; R= Ph) is 
insoluble in alkali and gives no colour with ferric chloride. (Found : 
C, 74.2 ; H, 4.5. Cj .,IIi 4O4 requires C, 74.5 ; H, 4.6 per cent.). 

The chalkone m.p. 221-222° was similarly treated ; but instead of the 
above flavanone, the substance obtained was found to be the chalkone, 
m.p. and mixed m.p. 176°. This .shows that both the chalkones arc 
geometrically isomeric. 

^-hydroxy-‘ 4 -melhylcoiimari 7 w- 6 -{^'-nieihoxy- 4 '-hydioxy-’Styryl)^kctonp 

coumarin (2.5 g.) in alcohol (40 c.c.) was r* xed with vanillin (2 g.) 
and KOH solution (50 per cent. ; 35 <^-c.) was carefully added wath 
shaking and cooling as before . It was then left at room teniperature 
for 60 hours, after w'ards diluted wath water and acidified^ w'ith cone. 
HCl to which lew c.c. of acetic acid were added. The .solid separated 
on scratching the sides of the beaker ; it was collected alter .sorne trme, 
washed with dil NaaCOg solution and crystallised from alcohol, yedlow 
needles, m.p. 163-164° mixed m.p. with the oiiiririal coumarrn depressed 
to 132°. (Fourrd : C, 68.0 ; H, 4-B. C20H3 oOo leciuires C, 68.2; 

H, 4.54 per cent.). 

^•‘hvdroxy~4-mcihykoumarino-6-(y : 4' -di/iydroxy-styryl) -ketone -I he 

ture of the coumarin (2 g.), alcohol (40 c.c.) and B-resorcyl-alclehyde 
(i .5 g.) was treated withKOH (sopercent. 35 ex.) as befoieancl allowed 
to remain for nearlv 60 hours. It was diluted and acidified with cone. 
HCl I’he chalkorie cTystallised from alcohol, yellow needles, m.p. 
166-167°. (Found: C, 67.21 ; H, 4-i* requires C, 67.45; 

H, 4. 14 per cent.). 


S-hydroxy-4-methylcoumarim-6-{3':4'-dihjidroxy-slyryJ)-ketone ••—This chal- 
kone' was obtained from protocatechuicaldchyde similarly as belorp. 
It crystallised from alcohol, long yellow needles, m.p. 163 . (hound . 
C, 64.25 ; H, 4.63- Ci9Hi* 06 4H20 requires C, 64.1 ; H, 4.6 
per cent.). 
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S-hydroxy-4-methylcoumarmQ-6-{4'^methoxy-styryiyketone : — ^The coiimarin 
and anisaldehydc in the same proportions as before were similarly kept 
in presence of KOH for 24 hours. The chalkone crystallised from hot 
acetic acid, in clusters of reddish yellow needles, m.p. 243®. (Found : 
C, 71.15; H, 4.6. C20H16O6 requires C, 71.4 ; H, 4.76 per cent.). 

^•hydroxy-4-methylcoumarino-6- {2'^hydroxy-styryl) -ketone : — This conden- 
sation using salicylaldchyde was carried out as in the previous case. 
The chalkone obtained crystallised from alcohol, m.p. 233® (decomp.). 
(Found : C, 69.87 ; H, 4.2. CX9H14O5 requires C, 70.8 ; H, 4.25 
per cent.). 

Attempted condensation of cinnamic aldehyde : — The condensation of cin- 
namic aldehyde gave a product from which no crystalline product 
could be isolated. 

The C-H determinations are micro-analyses partly by Prof. T. R. 
Seshadri and partly by Dr. D. Chakravarti, to whom my thanks are 
offered. 

The preliminary work was done with Mr. C. V. Deliwala, M.Sc., 
to whom I express my thanks. 

In conclusion, it is a great pleasure to express my thanks to Dr. R. C. 
Shah for his sympathetic interest. 

Further work is in progress. 

The Madhavlal Ranghhodij^l 

Science Institute, [Received: July 21, ig42] 

Gujarat College, Ahmedabad 



ALUMINIUM CHLORIDE, A NEW REAGENT 
FOR THE CONDENSATION OF ^-KETONIC 
ESTERS WITH PHENOLS 

Part VIII— The Condensation of Resacyl-and Qallacyl-Phenones (4-AcyI- 
Resorcinols and Pyrogallols) Containing Long-Chain Acyl Groups 

By 

M. C. Chuddar and N. M. Shah 

I N extension of the work already published in the previous parts of 
this series (Sethna, Shah and Shah, J. 1938, 228 ; Sethna and Shah, 
J. 1938, 1066 ; Shah and Shah, J. 1938, 1424 ; Deliwala and Shah, 
J* i939» 1250 ; Proc. Ind. Acad. Sc., 1941, i3{A), 352 ; ibid, 1942, and 
under publication), we have now investigated the condensation of ethyl 
acetoacetate with resacyl-phenones (4-acyl-resorcinols) containing long- 
chain acyl groups. In this paper is described the condensation of 
4-stearyl-resorcinol and derivatives with ethyl acc loacctate in presence of 
anhydrous aluminium chloride. 

4-stearyl-resorcinol condenses with ethyl acetoacetate in presence of 
aluminium chloride in dry nitro-bcnzenc solution at 110°, giving 
5-hydroxy-6-stcaryl-4-methylcoumarin (I) in good yield. The con- 
stitution assigned to the condensation product is proved to be (I) by 
analogy with previous condensations and on the following grounds : 
(t) it gives positive ferric chloride colour test, and in alkaline solution 
turns deep yellow without any fluorescence characteristic of a 5-hydroxy- 
coumarin derivative (Collie and Ghrystall, J. 1907, 91, 1804 ; Dey, 
J. 1915, J07, 1614) and (ii) on Kostanecki acetylation, it gives 2 ' 4 “ 
dimethyl- 3 '-hexadecyl- 7 ' :8' :6:5- oc -pyrone (II) . 

It may be mentioned here that 4-stearyl-rcscorcinol docs not condense 
with acetoacctic ester with sulphuric acid as condensing agent. 4-«tcarfl- 
resorcinol on Clemmensen reduction gave 4-octadecyl-resorcinol, which 
on Pechmann condensation with acetoacetic ester gave 7-hydroxy-6- 
octadecyI-4-methyl-coumarin. 

5-nitro and 5-bromo-resstearo-phenones did not undergo the con- 
densation. 4-stearyl-pyrogaIIol also did not condense with ethyl aceto- 
acetatc. 

U(») 
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The formation of 5-hydroxy-CDumarin in the above condensation is 
in conformity with the previous results (loc. cit,) : the chelation between 
-OH and -CO. R fixes the double bonds with the stabilisation of one of 
Kekulc forms. The reactivity in 2-position of resorcinol nucleus thus 
leads to the production of 5-hydroxy-coumarin derivative. The non- 
condensation of 4-stearyl-pyrogallol is also explicable on the above view, 
as the C atom marked with asterisk is not united by a double bond with 
C atom bearing the hydroxyl group {vide Shah and Shah, loc, cit.). 

Experimental 

Condensahon of 4-siearvl-nmcinol with ethyl acctoaceiale in presence of alu* 
minium chloride : formation of ^-hydroxy~6~slearyl-4-melhylcoumarin : — 

4-stearyl-resouinol was prepared by the N(‘iirki leaction ai cording 
to the procedure of Dr. R. D. Desai and Waravdekai. We thank Dr. 
Desai for supplying us the details recently published in the Proc. Ind. 
Acad. Sc. 

To the solution of aluminium chloride (4 g. : 2 mols.) in dry nitro- 
benzene (25 C.C.), dry 4 -stearyl-resorcinol (5 g. : i mol.) and acetoacetic 
ester (3 g. ; i mol.) wer(‘ added and the mixture protected from moisture 
by CaCl^ guard-tube was heated at 1 10° and finally to 1 15® for one hour. 
Higher temperatures produced a dark product difiicult to purify. HCl 
fumes were copiously evolved and when the evolution of the gas slack- 
<incd, the reaction-mixture was cooled, treated with cracked ice, some 
cone. HCl (10 c.c.) added and nitro-benzene steam-distilled ofi'. The 
brown residual oil solidified on cooling. It was titruated with little 
alcohol, which removed coloured impurities ; the white residue was 
collected and crystallised from alcohol in which it is sparingly soluble, 
small sandy granules, m.p. 1 16®, and recrystallised from hot glacial acetic 
acid, clusters of slender needles, m.p. 116-117® : yield, about 2 gms. 
(Pound: C, 74.8; H, 9.7. C2 gH4204‘t).5H20 requires C, 74.5; 
H, 9*54 cent). 

The coumarin is insoluble in aqueous alkali but turns deej:) yellow, and 
its alcoholic solution gi\TS wine red colour with ferric chloride. 

The aceiy! derivattoe prepared by refluxing with acetic anhydride and a 
few drops of pyridine Ibr b hours crystallised from alcohol and rccry- 
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stallised from petroleum benzine, small needles, m.p. q8“. (Found : 
Q 73-2^ > H, 8.85. C3 oH440((.o. 5H20 requires C, 73.04; H, 9.13 


Kostanecki Acetylation of the coumarin : Formtion of2':4-dimethyl-f‘hexa- 
decyl~chromono~f:8':6;s- oc -pyrone : — 

The coumarin (i g*)> Rcetic anhydride (lo c.c.) and fused sodium 
acetate (i g.) heated for about ii hours at 140- 150® on oil-bath 
under reflux. The mixture was then cooled, treated with water ; a 
mass separated ; it was washed with NaHCOs solution and then 
with dilute NaOH. The residue was collected and crystallised from 
filing alcohol, small needles, m.p. 135-136®. (Found: C, 74.98; 
H, 8.4. C30H42O4.H2O requires C, 74.4 ; H, 9.1 per cent). 

The chromono- oc “pyrone is insoluble in NaOH and gives no colour 
with ferric chloride and with cone. H2SO4. 

Condensation of 4-octadecyUresorcinol : formation of y-hydroxy-6-ocladecyU 
4-methylcoumarin : — 

4-stearyl-resorcinol on Clcmmensen reduction gave 4-octadccyl- 
resorcinol (Desai and Waravdekar, loc, cii.). 

The octadecyl-resorcinol (i g.), acetoacetic ester (0.5 g.) were mixed 
and phosphorus oxychloride (i e.c.) added. The mixture was left 
overnight at room temperature. After about an houi , it began to solidify. 
Jt was treated with water and the solid crystallised from alcohol, clusters 
of small needles, m.p. 116-117®, mixed m.p. with 5-hydroxy-6-stearyl-4- 
nicthylcoumarin was considerably depressed. (Found : C, 78.3;H,io.i. 
C28H44O3 requires C, 78.5; H, 10.3 per cent). 

The coumarin is insoluble in aqueous alkali but dissolves in aicoholic 
alkali with blue fluorescence. It gives no col'^ ur with alcoholic ferric 
chloride. 

The acetyl derivative prepared by acetic anhydride -pyridine method 
(refluxing for 4 hours) crystallised from alcohol, granules ; m.p. 78-79®. 
(Found: C, 76.3; H, 9.6. C30H40O4 requires C, 76.6; H9.8 
per cent). 

Further work is in progicss. 

We thank Frolessor M. S. Sliah for facilities. 

In conclusion, we thank Dr. R. C. Shah for his sympathetic interest 
in the investigation. 


The Madhavlal Ranchhodlal 
Science Institute, 
Gujarat College, Ahmedabad 
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THE REDUCTION OF -CH(OH)CCl3 GROUP 
ATTACHED TO A BENZO-oc-PYRONE 
NUCLEUS-PART II 

By 

M. C. Chudgar and N. M. Shah 

I N Part I, Kulkarni and Shah (Proc. Ind. Acad. Sc., 1941, 151) 

from a study of the reduction of various 3-CH (OH) CCl 3 -substituted 
coumarin derivatives showed that (a) on reduction with zinc and acetic 
acid, the group -CH(OH) CCI3 in the pyrone ring is reduced to -CH= 
CHCl group in case of hydroxy-coumarins and (b) the same group is 
reduced to -CH2. CHCl 2 if the reduction is carried out in conjunction 
with concentrated hydrochloric acid or the phenolic group is either 
absent or is protected by acetylation. 

In extension of the above investigation, we have now studied the re- 
duction of (i) 7-mcthoxy-3-((x-methoxy-j3p[i-trichlorocthyl)-4-methyl- 
coumarin, (2) 7-hydroxy-6-ethyI-3 (cx -hydroxy ppp tiichloroethyl)- 
4-methylcoumarin and its acetoxy derivative and (3) 7-hydroxy-6- 
butyl-3- ( oc -hydroxy- ^ p p-trichlorocthyl)-4-mcthylcoumarin and its 
acetoxy derivative, the reducing agents used being the same as in the 
previous part, 

7-Hydroxy 3- (oC — hydroxy- Bpp-trichloroethyl)-4-methylcoumarin 
(Kulkarni, Alimchandani and Shah, J.I.C.S., 1941, iff, 115) onmethyl- 
ation by dimethyl sulphate in ice gave 7-methoxy-3-(oc-methoxy-ppp- 
trichloroethyl)-4-mcthylcoumarin (I) which on reduction with zinc and 
acetic acid gave 7-methoxy-3-(^-chlorovinyl)-4-methylcoumarin (II); 
and on the same reduction in conjunction with cone, hydrochloric acid, 
7-methoxy-3-(^P-dichloroethyl)-4-methylcoumarin (III) was obtained. 



The above results sliow that the reduction of the methoxy derivative 
takes place similar to that of hydroxy-coumarins. This is in contrast 
to the behaviour of acetoxy derivatives which give the reduction product 
containing ^CHo. CHCl 2 and the acetyl group is eliminated during 
the reduction with the production of the hydroxy derivative. 
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7-Hydroxy-6-ethyl-3- ( qc -hydroxy - p (3 p-trichloroethyl)-4-methylcou- 
marin (IV; R=Et ; Shah and Kulkarni, J. Univ. Bom., 1941, jo, 86) 
on reduction with zinc and acetic acid gave 7-hydroxy-^thyl-3-(fi- 
chlorovinyl)-4-methylcoumarin (V ; R==Et), and 7-hydroxy-6-ethyl-3- 
(PP-dicldorocthyl)-4-methylcoumarin (VI ; R=Et) when the reduction 
was carried out in conjunction with cone, hydrochloric acid. The acetyl 
derivative (VII ; R=Et) on reduction with zinc and acetic acid in con- 
junction with cone, hydrochloric acid also gave the same product 
(VI ; R=Et) . If the above reduction was carried out by zinc and acetic 
acid, 7-acetoxy-3-(pp-dichloroethyl)-4-methylcoumarin (VIII ; R~Et) 
was obtained, identical with the acetoxy derivative of VI (R=Et). 



7-Hydroxy-6-butvl-3- ( cx -hydroxy p S p -trichloroethyl)-4-methylcou- 
marin (IV ; R==w-butyl) behaves exactly similarly : it gave 3-(p-chloro- 
vinyl)-coumarin derivative (V ,* R=;z-butyl) and 3-(-pP-dichloroethyl) 
coumarin (VI ; R— «-bulyl) when reduced without and with cone. 
HCl respectively. The acetoxy derivative (VII ; R=«-bulvl) on reduc- 
tion with zinc and acetic acid only gave VIII (R=«-butyl) identical 
with the acetoxy deiivative of the coumaiin (VI), obtained directly on 
reduction in presence of cone. HGl of the acetyl deiivative (VII ; R««- 
butyl) . 

The above results are in conformity with those ^./btained by the previous 
investigators (loc, cit.). The generalisation arrived in the previous com- 
munication also holds good in the case of the reduction products described 
in this paper. 


Experimental 

I . Reduction of y^methoxy-j- ( cx -meihoxy^ P p ^-trichlorc ethyl) •4^mtthyU 
coumarin. 

The methoxy derivative was prepared according to Kulkarni, Alim- 
chandani and Shah (J. I. C. S., 1941, 18, 116). 

(a) By zinc and acetic acid : formation of y-methoxy-3~{f^~chlorovinyl)~4^Tnethyl- 
coumarin {II). 

The methoxy coumarin (I ; i. g.) was dissolved in glacial acetic acid 
(15 C.C.). Zinc dust (i g.) was sprinkled over the solution in small instal- 
ments at a time. The mixture was occasionally shaken. When the 
whole of zinc was added, the mixture was boiled for about 5-7 minutes 
and filtered from unchanged zinc ; the filtrate diluted with water, when 
a yellow solid separated. It was crystallised from alcohol, yellow 
needles, m.p, 1 60-161®, mixed melting point with the original coumarin 

n (b) 
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was depressed to 133^: (Found: Cl, 14.14, Cf3Hii03Cl requires 
Cl, 14.16 per cent). 

(b) By zinc, acetic acid and cone. HCl : formation of j-methoxy-3-{^^-di^ 
chioroethyl) •4-methylcoumarin (III ) . 

To the solution of the mcthoxy-coumarin (I ; i g.) in glacial acetic 
acid ( 15 C.C.), cone. HCl (5 c. c.) was added and the mixture treated with 
zinc dust in small instalments as before. Vigorous reaction took place. 
After the addition of zinc was over, the mixture was boiled for a few 
minutes and then filtered. The filtrate was diluted with water ; the 
solid was collected and crystallised from alcohol, needles, m.p. 113-114,® 
(Found : Cl, 24.05. Ci3Hi203Cl2 requires Cl, 24.7 per cent). 

2 . Reduction of y^hydroxy^G-ethyU^* ( oc •hydroxy^ [3 (3 ^•trichloroethyl) ^4-meihyU 
eoumarin. 

fa) By zinc and acetic acid : formation of y~hydroxy~6-ethyU3-(^^chlorovinyl) 
^4^methylcoumarm (V; R=Et). 

The eoumarin (IV ; R=Et) ; (Shah and Kulkarni, J. Univ. Bom., 
1941, 10, 87); (2 g.) was dissolved in hot acetic acid (30 c. c.) andzinc 
dust ^2 g.) was added as before. The reaction-mixture was greenish 
in colour and exhibited blue fluorescence. It was filtered from un- 
changed zinc and the filtrate diluted with water. A yellowish solid 
separated ; it was crystallised from alcohol, yellow rhombic crystals, 
m.p. 238-240®. (Found: Cl, 13.2. C14HJ3O3CI requires Cl, i 3.41 
per cent). 

The reduction product is soluble in hot alcohol, acetone, acetic acid 
and sparingly so in chloroform. 

The acetyl derivative prepared by acetic anhydride-pyridine method 
crystallised from alcohol, yellowish thick needles, m.p. 191-192°. (Found: 
Cl, 11.44. Cj (jHi 5O4CI requires Cl, 1 1.6 per cent). 

(b) By zinc, acetic acid and cone. HGl : formation of y-hydroxy^6^ethyl-3^ 
( P ^-dichloroethyl) -4-methylcoumarin ( VI; R ^Et) . 

(i) The eoumarin (IV ; R=Et) (i g.) was dissolved in acetic acid 
(20 c.c.) by heating and cone. HCl (5 c.c.) added and the reduction 
carried out as before and the reduction product isolated similarly. It 
was crystallised from alcohol, sandy granules, m.p. 253-255°. (Found : 
Cl, 23.43. CX4H1 4O3 CI2 requires Cl, 23.6 per cent). 

(ii) The acetyl derivative (VII ; R— Et) was reduced as in (t)* 
The reduction product was isolated similarly and crystallised from alcohol* 
It was identical with the above product, m.p. and mixed m.p. 253-255°. 

Formation of y-acetoxy-S-ethyU^^^ ( B ^-dicholroethyl) ~4-metkylcoumarin ( VIII; 
R^Et). 

(t ) The acetyl derivative (\^II ; R =Et) was reduced by zinc and 
acetic acid as in the previous cases. The reduction product was crystal- 
lised from alcohol, m.p. 167°. (Found : Cl, 20.46. Ci6Hi604Cl2 
requires Cl, 20.68 per cent). 

(ii) The^coumarin (VI ; R=Et) was acetylated by acetic anhydride 
and sulphuric acid method. The acetyl derhative crystallised from 
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alcohol, needles, m.p. 167® and mixed with the above product, the m.p. 
was the same. 

Condensation of 4-hutyUresorcinol with ethyl Qii-{a:^hydroxy^‘^^^^~trichloroethyl\ 
acetoacetate : formation of y-^hydroxy-S-hutyU^- ( oc •hydroxy^ p ^ ^•trkhloroethyl) 
^^•methylcoumarin {IV ; R^n-butyl), 

4-butyl-resorcinol was prepared by the Clemmensen reduction of res- 
butyrophenone. 

The resorcinol ( 3 g.) and the ester (6 g.) were mixed and phosphorus 
o^tychloride (2-3 c.c.) added with cooling under tap. The reaction 
mixture was left overnight and then treated with ice water : a viscous 
mass separated ; it was left in contact with little acetic acid, when a 
white solid was obtained. It was crystallised from high boiling petroleum 
benzine and then from alcohol, m.p. 166-167®. (Found : Cl, 28.5. 
C16H17O4CI3 requires Cl, 28.1 per cent). 

The coumarin is soluble in ethyl acetate, mixture of CCI4 and benzene 
and sparingly so in petroleum benzine. It shows blue fluorescence in 
alkaline solution. 

The acetyl derivative prepared by acetic anhydride-sulphuric acid 
method, crystallised from acetic acid, white needles, m.p. 123-24''. 
(Found : Cl, 23.4. requires Cl, 22.9 per cent). 

3 . Reduction of y-hydi oxy-6-hutvl-j- ( oc -hydroxy-^ p p f^j-^trichlorocthyl) 
meihyUcoumarin, 

The reduction of this coumarin was studied as in the previous cases, 
using zinc and acetic acid without and with cone. HCl. The procedure 
was also exactly similar. For brevity therefore, the following reduction 
products with their melting points and analysis are described without 
repeating the details : 

1 . y-hydroxy-G-buiyl-j^ ( i^-chlorovinyiy^-methylcoumarin : needles from 
alcohol, m.p. 167®. (Found: Cl, 12.13. Ci6Hi703Cl requires Cl, 
12. 12 per cent), 

2. y-hydroxy-6’‘butyU3-{^^‘dichloToethyiy4-methylcoumarin : needles from 

alcohol, m.p. 196-197®. (Found: Cl, 21. 9. C16H18O3CI2 requires 

Cl, 21.56 per cent). 

3. y-acetoxy-‘6^butyl^3~{^^*dichloroe1hyiy4-methylcoumarin : needles from 
alcohol, m.p.i56-i57°. (Found: Cl, 19.05. CX3H20O4CI2 re- 
quires Cl, 19.12 per cent). 

4. y-acetoxy-‘6~butyl‘3~(i^-‘chlorovinyiy4-methylcoumarin : yellowish plates 

from alcohol, m.p. 143®. (Found : Cl, 10.5. Cl requires 

Cl, 10.6 per cent). 

We thank Professor M. S. Shah for facilities. Our grateful thanks are 
expressed to Dr. R. C. Shah for his sympathetic interest. 

Th£ Madhavlal Ranchhodlal 
Science Institute, 

Gujarat College, Ahmedabad [Received: July 21 y 1^42] 



LONG CHAIN ACYL AND ALKYL PHENOLS 

By 

Miss K. Paranjape, N. L. Phalnikar and K. S. Nargund 

L ong chain acyl and alkyl phenols are required in this laboratory 
in connection with work on synthetical anthelmintics. An ad- 
ditional point of interest in their preparation was that a number 
of these long chain alkyl phenols are being recently exploited for techni- 
cally important products. 

There are mainly three methods for the preparation of acyl phenols 
which by subsequent reduction by Clemensen’s method yield alkyl 
phenols, (i) Nencki’s reaction consisting in heating together a phenol, 
an acid and anhydrous zinc chloride, is well known to give good yields 
of 4-acyl resorcinols and 2-acyl quinols when resorcinol and hydro- 
quinone are used. The reaction, however, has been little used for the 
condensation of monohydric phenols except by Michael and Palmer 
(Amer. Chem. J. 1885, 7, 275) who obtained p-acetyl-phenol and by 
Goldzweig and Kaiser (J. Pr. Chem. 1891, 45, 86) who obtained p-pro- 
pionylphenol by this reaction although the yields are not mentioned in 
either case. Coulthard, Marshall and Pyman (J.C.S. 1930, 280) in- 
vestigated Nencki’s reaction with phenol, cresols and fatty acids upto 
heptoic acid and found that the yields of the ketones were very low and 
that both ortho and para isomers were formed simultaneously. Desai 
and Warvadekar (Proc. Ind. Accad. Sciences, 1940, 12, 507), studied 
Nencki’s reaction withoc-naphthol and obtained 2-acyl— naphthols. 
(2) Fries’ transformation of phenyl esters is the next important method for 
the preparation of acyl phenols. It is found that both ortho and para 
isomers are formed in this reaction. Fries’ transformation of phenyl 
laurate and phenyl stearate has been studied by Bell and Driver (J.C.S. 
1940, 836), while that of phenyl pentadecylate by Gokhale, Patel and 
Shah (Current Science, 1940, 9, 362). (3) Friedeland Crafts reaction of 

a phenol ether or phenol with acid chlorides is the method for getting 
acyl phenols (Johnson and KohmannJ.A.C.S. 1914, 36, 1259; Auwers 
Ber. 1903, 36, 3899). Ralston and Bauer (J. Org. Chem. 1940, 5, 165), 
studied the Fricdel and Craft’s reaction of phenol with acid chlorides 
of heptoc, lauroic, myristic, palmitic and stearic acids and found that 
both ortho and para compounds were formed and that the ratio of 
ortho to para decreased with increase in the length of the chain. 

We were interested in getting ortho and para acyl phenols in pure 
condition and good yields. The present communication deals with 
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the successful attempts made in that direction. Contrary to expecta- 
tion^ it has been found that Nencki’s reaction with phenol and lauric, 
myristic palmitic and stearic acids gave pure ortho acyl phenols in 
yields over 70 per cent. Para isomers do not seem to have been formed 
under these conditions. The constitutions of ortho acyl phenols were 
determined by methylation and subsequent oxidation when o-methoxy 
benzoic acid W'as obtained. Nencki’s reaction, in this case, is the best 
method to get ortho acyl phenols. Similarly it has been found that 
Friedel and Graft’s reaction of anisole with acid chlorides in nitrobenzene 
solution gave more than 84 per cent, of para acyl anisoles which by 
demethylation with hydrobromic acid in acetic acid solution gave p-acyl 
phenols in overall yields of 80 per cent. 

The experirnental methods used are desciibed in case of compounds 
derived from stearic acid. Similar methods were used in other cases and the 
compounds obtained are described in tabular form for the sake of brevity. 

Experimental 

O-Hydroxyphenyl heptadecyl ketone: — Phenol (9.4 gms.) stearic acid 
(28.4 gms.) and anhydrous zinc chloride (27.2 gins.) were heated to- 
gether on sand bath for six hours. It was poured in water and the 
solid obtained was purified by washing with water and sodium carbonate 
solution. It Was then crystallised from alcohol and then from benzene, 
m.p. 66-67°. Driver {loc. cit,) and Ralston and Bauer [loc. cit.) 

give the m.p. 64° for this substance. 

o-methoxv phenyl heptadecyl ketone : — The above ketone (i gm.), anhydrous 
potassium carbonate (2 gms.), dimethyl sulphate (3 cc.) and acetone 
(20 cc.) were heated together on water bath for six hours. It was then 
filtered and acetone removed. The residue was washed with a solution 
of sodium hydroxide to remove the unmethylatcd material, and then 
crystallised from methyl alcohol m.p. 42°. (Found : C, 79.8 ; H, ii .3 
per cent; G^ 2^2 required C, 80.2 ; H, 1 1 . . per cent). On oxida- 
tion with potassium permanganate in acetone solution it gave o-melhoxy 
benzoic acid m.p. loi identified by mixed m.p. with an authentic sample. 

o-hydroxy octadecyl benzene : — It was obtained by the reduction of 
o-hydroxy phenyl heptadecyl ketone by zinc amalgam and hydrochloric 
acid in acetic acid solution, m.p. 58°. (Found : G, 83.8; H, 12.5 
per cent; Gg 4H4 gOi required G, 83.2 ; H, 21 . i per cent). 

p-Methoxy phenyl heptadecyl ketone I o a mixture of anisole (10 gms.), 
stearyl chloride (32 gms.) and nitrobenzene (40 gms.) was gradually 
added anhydrous aluminum chloride (30 gms.) A crimson red mixture 
was formed which was allowed to remain overnight. It was then de- 
composed with ice and hydrochloric acid and steam distilled to remove 
nitrobenzene. The residue was washed with a solution of sodium hydr- 
oxide and crystallised from methyl alcohol m.p. 75°, yield 90 per cent. 
(Found : G, 79.7 ; H, ii.i per cent; G 2 ftH 4202 requires C, 80.2 ; 
H, II .2 per cent). On oxidation it gave anisic acid and on demythy- 
lation gave p-hydroxy phenyl heptadecyl ketone m.p. 90°. (Bell and 
Driver give m. p. 90-90.5). 

p-Methoxy octadecyl benzene : — It was obtained by the reduction of the 
ketone by zinc amalgam and hydrochloric acid and purified by crystall- 
isation from methyl alcohol m.p. 60°. (Found: C, 83.5; H, 12.3. 
per cent; G25H44O requires C, 83.3 ; H, 12.2 per cent). 
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SYNTHETICAL ANTHELMINTICS 

Part IV—Synthesis of Lactones similar to Desmotroposantonin 

By 

Miss K. Paranjpe, N. L. Phalnikar and K. S. Nargund 

S ANTONIN, the most useful anthelmintic drug, is converted by 
prolonged treatment with hydrochloric acid into desmotropo- 
santonin (I) the constitution of which was established by Clemo, 
Haworth and Walton (J.C.S. 1930, iiio). Caius and Mhaskar (Ind. 
Jour. Med. Res. 1923, //, 371) investigated the anthelmintic properties 
of desmotroposantonin and concluded that it was not a good anthel- 
mintic. This seems to contradict the conclusions of Rosenmund and 
Schapiro (Arch. Pharm. 1934, 272, 313) who showed that y-butyrolac- 
tones having a methoxy-phenyl or hydroxy-phenyl group show marked 
anthelmintic properties. The conclusion of Caius and Mhaskar is, 
however, based on the study of only one substance, viz., desmotropo- 
santonin. It was, therefore, considered desirable to study the anthel- 
mintic properties of compounds related to desmotroposantonin and the 
substances prepared in this connection are described below. 

The Reformatsky’s reaction of ethyl bromoacetate with l-kcto-7- 
methoxy- 1 -2-3-4- telrahydro naphthalene gave ethyl i -hydroxy- 7-methoxy 
1-2-3-4-tetrahydro naphthyl- 1 -acetate (II). The dehydration of this 
with phosphorus pentoxide in benzene solution followed by alkaline 
hydrolysis in cold gave the unsaturated acid (III), which by treatment 
with cold 60 per cent sulphuric acid for 100 hours was converted into 
the lactone (IV). Demethylation of (IV) by hydrobromic acid in 
acetic acid gave the corresponding hydroxy lactone. Similar reactions 
have been carried out on i-kcto-5-methoxy-8-methyl-i-2-3-4-tetra- 
hydronaphthalenc and the corresponding lactones obtained. It may 
be mentioned that lactones described in the present paper are similar 
to desmotroposantonin but differ from the latter in having no methyl 
group in lactone ring and the position of the lactone ring itself is exactly 
the reverse. 


Experimental 

i»keto^y-methoxy^i-2-3-4-t€trahydro naphthalene : — It was prepared by 
Mitter and De’s method (Jour. Ind. Chem. Soc. 1939, 35). 




EthyUi-hydroxy^j-mtthoxy-i-2-^-4’‘^etrahydro naphthyl-i -acetate : — ( 11 ) The 
above ketone (3.5 gms.), ethylbromoacetate (3.3 gms.), zinc shavings 
(1.3 gms.) and toluene (20 cc.) were heated together with a reflux 
condenser till a vigorous reaction set in. Heating was discontinued for 
some time and the reaction allowed to proceed. It was then finally 
refluxed for one hour to complete the reaction. It was decomposed 
with ice and sulphuric acid and steam-distilled to remove toluene. The 
residue crystallised from methyl alcohol in needles m.p. 50®. (Found : 
C, 68.0; H, 7.9 per cent; Cjr,H2o04 requires G, 68.2; H, 7.6 
per cent.) 

i-hydroxy-7-methoxy-i-2-^-4-tetrahydro naphthyl i -acetic acid : — It was 
obtained by cold alkaline hydrolysis of the above ester. It crystallised 
from dilute alcohol in needles m.p. 127°. (Found : C, 66. i ; H, 6.8 
per cent. ; Eq. wt. 236.2; Gi 3HXQO4 requires G, 66 . i ; H, 6.8 per cent; 
Eq. wt. 236). 

Ethyl-j-methoxy ^-4-dihy dr o-naphthyl-i -acetate : — Ethyl-i-hydroxy-7-meth- 
oxy-i-2-3-4-tetrahydro naphthyl-i-acetate (5.2 gms.) phosphorus pent- 
oxide (5.5 gms.) and benzene (50 cc.) were heated together on water 
bath for four hours. Benzene was then removed, decomposed with 
ice, extracted with ether, dried over calcium chloride and ether removed. 
The residue was not purified but directly used for hydrolysis. 

y-methoxy-3-4-dihydro naphthyl-i -acetic acid: — (III) It was obtained by 
the cold alkaline hydrolysis of the above ester. It crystallised from 
benzene m.p. 1^.5. (Found: G, 71.6°; H, 6.5 per cent.; Eq. wt., 
218.0; Gx3Hx 408 requi es G, 71 .6; H, 6.4 per cent;‘Eq. wt. 218.0). 

Lactone of y-methoxy-2-hydroxy-i-2-3-4-tetrahydro naphthyl- 1 -acetic acid : — 
(IV) A mixture of the acid (i gm.) and 60 per cent sulphuric acid 
(20 cc.) was left at room temperature for 100 hours. It was then poured 
into water, extracted with etner, washed with a dilute solution of sodium 
bicarbonate, dried and ether removed. The residue was purified by 
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recrystallisation from benzene, m.p. 6o®. (Found : C, 7^/7 > ^-5 

S T cent ; Eq. wt. by back titration, 218.9 > C13H14O3 requires C, 71 *6 > 
, 6.4 per cent; Eq. wt. 218). 

Lactone of 2 : y-dihydroxy-i-2^s^4-Utrahydro naphthyUi •acetic acid : — ^It 
was obtained by demethylating the above lactone by hydrobromic acid 
in acetid acid solution in the usual way. It was a colourless liquid 
b.p. 240® at 10 mm. (Found : C, 70.5 ; H, 5.8 per cent; Eq. wt. by 
back titration, 204.8. Ci2Hia03 requires C, 70.5 ; H, 5.9 per cent; 
Eq. wt. 204.) 

i’‘keto-5-methoxy-8-methyUi-2-3-4-t€trahydro naphthalene : — It was obtained 
by boiling y — 2 -methoxy-5-methyl-phenyl butyric acid with phosphorus 
pentoxide in benzene solution. It had b.p. 195® at 50 mm. (Found : 
C, 75.7; H. 7.4 per cent; C12H14O arequires C, 75.8 ; H, 7.4 percent.) 

EthyUi-hydroxy-3-methoxy-8-methyUi-2-3-4-t€trahydronaphthyl-i-acetate : — It 
was prepared by Reformatsky’s reaction with the above ketone in the 
usual way. It could not be distilled without decomposition even at 
reduced pressure. So it was used for hydrolysis and dehydration directly 
without purification. 

i-hydroxy-3-methoxy-8-‘meihyUi^2-3-4^tetrahydro naphthyl- 1 -acetic acid : — It 
was obtained by alkaline hydrolysis of the above hydroxy ester and 
purified by recrystallisation from dilute acetone m.p. 90°. (Found : 
C, 67.2; H, 7.2 per cent; Eq. wt., 248.9; Cj 4H1 ^04 requires 0,67.2; 
H, 7.2 per cent ; Eq. wt., 250). 

3-methoxy-8-methyl-3-4-dthydro naphthyl- 1 -acetic acid : — It was obtained 
by cold alkaline hydrolysis of the unsaturated ester obtained by de- 
hydrating the above hydroxy ester with phosphorus pentoxide. It 
was a colourless liquid b.p. 192 at 50 mm. (Found : G, 72.4 ; H, 6.q; 
Eq. Wt. 231.8; Cl 4H3 6 O3 requires C, 72.4 ; H, 6.9 per cent; Eq. 
wt., 232). 

Lactone of 2-hydroxy- 3-methoxy-8-methyl-i -2-3-4-tetrahy dr 0 naphthyl- 1 -acetic 
acid : — It was obtained by the action of cold 60 per cent; sulphuric acid 
on the above unsaturated acid b.p. 190 at 20 mm. (Found: C, 72.3 ; 
H, 6.9 per cent; Eq. wt. 231; C]4Hic03 requires C, 72.4 ; H, 6.9 
per cent; Eq. wt. 232). 

Lactone of 2-3-dthydroxy-8-Tnethyl-i -2-3-4-tetrahydro naphthyl-i-acetic acid : — 
It was ol>tained by demethylating the above lactone by hydrobromic 
acid in acetic acid. It was liquid b.p. 180 at 40 mm. (Found : C, 71 .6 ; 
H, 6.4 per cent; Eq. wt. by back titration, 218.7; Cj 3 requires 

C, 71 .5 ; H, 6.4 per cent; Eq. wt. 218). 

We thank Professor Bhide, Head of the Chemistry Department, for 
his keen interest in this work. 

Maharaja Pratapsinha Chemical Laboratory, 

Sir Parasiiuhambhau College, Poona \ Received : July 22, ^942] 



SYNTHETICAL ANTHELMINTICS 

Part V— y-p-alkoxyphenyl butyrolactones 

By 

J. J. Trivedi and K. S. Nargund 

R OSENMUND and Schapiro (Arch. Pharm. 1934, 2 ^ 2 , 313), showed 
that y-p-methoxy-phenyl butyrolactonc had thrice the anthel- 
mintic properties of santonin. It is therefore evident that a free 
phenolic group is not necessary. This is also evident from the fact 
that anethol and safrol are excellent vermicides. The presence of an 
alkyl group endows phenols with valuable properties so that they could 
be used as internal antiseptics. It is not nccessaiy that the alkyl group 
should be present as substituent in the nucleus It may be piesent as 
part of an ether. Thus it has been shown that the bactericidal properties 
of resorcinol compounds with alkyl substituents is practically the same 
with the substituent radical in the nucleus 01 attached to one oxygen 
atom as an ether (J.A.C.S. 1931, 3397). It was therefore decided to 
study the anthelmintic properties of y-alkoxy-i)henyl butyrolactones. 
The present paper gives compounds up to y-p-hexyloxy-phenyl-buty- 
rolactone. 

P-p-alkoxy-benzoyl-propionic acids were prepared by the Friedel 
and Craft’s reaction of an appropriate phenol ether with succinic anhy- 
dride in nitrobenzene as solvent. The constitution of these compounds 
is evident from the fact that identical compounds were obtained by the 
action of an appropriate alkyl bromide in presence of potassium carbonate 
in acetone solution on ethyl (3-p-hydro\y benzoyl propionate of Raval, 
Bokil and Nargund (Jour. Bom. Univ. 1938, 7, 3, 184). Reduction 
of these ^p alkoxy benzoyl propionic acids by sodium and alcohol and 
the conversion of the resulting hydroxy acids into lactones was carried 
out as described by Trivedi and Nargund (Jour. Bom. Univ. 1941, 10 
3 » 99 )- 

Experimental 

Phenetol, n propoxy, isopropoxy, n butoxy, isobutoxy, isoamyloxy 
and n hexyloxy benzenes were prepared by the action of an appropriate 
alkyl bromide on phenol in presence of sodium ethoxide, n hexyloxy 
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benzene does not seem to have been described before. It had b.p. 240 

38 ® 38 

at 760 mm. =0.90083 and Nd =1.4779. (Found : C, 80.7; 
H, 10.3 per cent, C12H1 gO requires C, 80.9; H, 10. 1 per cent). 

General procedure for Friedel and Grafts condensation : — ^To a well cooled 
mixture of alkoxybenzenc (o.i mol.) succinic anhydride (o.i mol.) 
and nitrobenzene (75 gms.) was added anhydrous aluminum chloride 
{28 gms.) in three lots with good shaking. It was then left at room 
temperature for four hours. It was then decomposed with ice and 
hydrochloric acid and steam distilled to remove nitrobenzene. The 
resulting solid was purified by dissolving in a solution of sodium car- 
bonate, filtering and reprecipitating with an acid. The yields of keto 
acids were good in all the cases (80-90 per cent). Isopropoxy benzene 
did not condense with succinic anhydride by the above procedure. 

Preparation of the above keto acids by a different method which 
proves their constitutions. Ethyl Pp hydroxybenzoylpropionate (3 gms.), 
anhydrous potassium carbonate (3 gms.), alkyl bromide (3 gms.) and 
acetone (15 cc.) were heated together on water bath for 12 hours. 
Acetone was removed and the pasty residue was hydrolysed by boiling 
with excess of a solution of sodium hydroxide. The product was re- 
covered by acidification. The keto acids obtained by this procedure 
were identical with the corresponding acids obtained in Friedel and 
Craft’s reaction. 

The m.p. of keto acids recorded in the table are temperatures at which 
a clear liquid was formed. Four or five degrees below these tempera- 
tures the keto acids gave turbid liquids probably due to liquid crystals. 
A similar phenomenon has been observed by Jones in case of p alkoxy 
benzoic acids (J.C.S. 1934, 1874). The compounds are described in a 
tabular form for the sake of brevity. 



Name o£ the Compound Formula | Properties Analysis 
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CONDENSATION OF METHYL SUCCINIC 
ANHYDRIDE 

With Cresol Methyl Ethers 
By 

B. L. Bhatt and K. S. Nargund 

T he condensation of an unsymmctrically substituted succinic anhy- 
dride by Friedel and Craft’s reaction is likely to yield two different 
keto acids as shown below : — 


a CO-CH-CHi-COOH 

/ (I) 



-CO-CHj-CH-COOM 


R 



Methyl-succinic anhydride was condensed \vith benzene by Meyer and 
Stamm (B. 1923, 1424) who isolated both the above types of ketc 

acids. Robinson and Waters (J.C.S. 1933, 83) condensed methyl- 
succinic anhydride with veratrole while Mitter and De (Jour. Ind. 
Ghem. Soc. 1939, 199) condensed it with anisole, lescorinol dimethyl 
ether and pyrogallol trimethyl ethci. In all these cases the main pro- 
duct was a keto acid of type II, the isomciic keto acid of type I being 
formed in small quantities in some cases. We have condensed methyl 
succinic anhydride with cresol methyl ethers using different solvents 
such as nitrobenzene, carbondisulphide and acetylene tetrachloride and 
found that only one type of keto acids was formed, type II. The 
use of nitrobenzene gave a maximum yield of the keto acid. The same 
keto acids were formed when carbondisulphide or acetylene tetra- 
chloride were used as solvent but in much poorer yield and impure 
condition. 


The condensation of methyl succinic anhydride with o-cresol methyl 
ether gave a keto acid m.p. 124*". On oxidation with sodium hypo- 
bromite it gave 4-methoxy-3-toluic a,cid. It reacted with salicyl aide* 
hyde in presence of dry hydrogen chloride at low temperature to give a 
deep red pyrylium derivative thus indicating the presence of -COCH^ 
grouping (Decker and Fallenberg. Ann, 1907,5^, 302; Perkin, Robinson 
and Turner, J.C.S. 1908, 1085). Therefore the constitution of the keto 
add was a methyl p-4-mcthoxy-3-toluoyl propionic acid, m-cresoU 
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methyl ether and methyl succinic anhydride gave a keto acid m.p. 113® 
which on oxidation gave 4-methoxy-2-toluic acid. It also gave a pyry- 
lium derivative. Hence its constitution was OC methyl-B-4-methoxy- 
2-toluoyl propionic acid, p-cresol methyl ether and methyl succimc 
aiAydridegave a keto acid m.p. 129® which formed n pyrylium derivative 
and on oxidation gave 2-methoxy-5-toluic acid. Hence its constitution 
was CX methyl- (5-2-methoxy-5-toluoyl propionic acid. 

All the above keto acids have been characterised by suitable deriva- 
tives such as methyl and ethyl esters and semicarbazoncs. 


Experimental 

General procedure for Friedel and Grafts reaction : — Methyl succinic 
anhydride (o.i mol.), cresol methyl ether (o.i mol.), nitrobenzene 
(75 anhydrous aluminum chloride (28 gms.) were mixed 

together in cold and kept at room temperature for four hours. It was 
then decomposed with ice and hydrochloric acid and steam distilled to 
remove nitrobenzene. The solid residue thus obtained was purified 
by sodium carbonate treatment. The yields obtained arc given in the 
following table. 


Phenol Ether Used 

Product Obtained 

JVr (Vnt Yield of the 
Pure (Vvstallised 
Product 

o-crosol methyl ether 

OC methyl [i4-methoxy-3-tol- 
uoyl propionic acid 

40 per cent 

m-oro8ol methyl ether 

OC methyl j34-methoxy-2*toI- 
uoyl propionic acid 

20 per cent 

p-crosol methyl ether 

OC methyl p2-mothoxy-5-tol- 
uoyl propionic acid 

33 per cent 


CC Metkyl-^^4-methoxy-j-toluoyl propionic acid : — It was soluble in ethyl 
and methyl alcohol, benzene, chloroform and hot acetic acid from which 
it crystallised in prisms m.p. 124®. It formed an insoluble silver salt. 
Barium and lead salts were soluble in hot water. (Found : C, 65.8 ; 
H, 7.0 per cent. Eq. wt., 238.0. Ag. in silver salt, 31.82 per cent. 
Cl 3 Hi( 5 04 requiresC,66. i; H, 6.8per cent. Eq. wt. 236.0. Ci 3HX5O4 
Ag. requires Ag. 31.49 per cent). On oxidation it gave an acid m.p. 
192 identified as 4-methoxy-3-toluic acid. Semicarbazone of the above 
acid formed in the usual manner had m.p. 170® with decomposition. 
(Found: Eq. wt. 289.2. Gi4Hi{)04N3 requires Eq. wt. 293). — Methyl 
o:,Tnethyl^ 4 -methoxy- 3 -toluoyl propionate perpared by Fischer Speier method 

36 

was a colourless liquid b.p. 190-192® at 13mm. and had Nd =1.5269 

86 

andD4 =1.1 16. (Found: C,67.i;H, 7.5 per cent. Ci4Hig04 requires 
C, 67.2 ; H, 7.2 per cent). Ethyl OC methyl ^4-methoxy-3-tolmyl 

36 

^mitoprepafed similarly had b.p. 197-198® at 10 mm. Nd =1.5191 
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86 

and D4 =1.0906. (Found : C, 68.0 ; H, 7.9 per cent. CV5HJ0O4 
requires C, 68.2 ; H, 7.6 per cent). 

CC.nieihyl^ 4 ^m€thoxy- 2 ^toluoyl propionic acid : — It was soluble in methyl 
and ethyl alcohol, ethyl acetate, chloroform, and hot benzene. It was 
crystallised from acetic acid in granules m.p. 1 13°. Silver and lead salts 
were insoluble while barium and calcium salts were soluble in water. 
(Found: C, 65.9; H, 7.0 per cent. Eq. wt. 234.8. G13H16O4 requires 
C, 66. 1 ; H, 6.8 per cent. Eq. wt. 236.0). Semicarbazone of the above 
prepared in the usual manner had m.p. 1 72-1 73''. (Found : Eq. wt. 
294.0. G]4 Htj) 04N3 requiresEq. wt. 293). MethylOi mcthylB4-metkoxy~ 
s^toluoyl propionate was a colourless liquid b.p. 187-189 at 12 mm. and 
3 0 

had Nd —1.5248. (Found : €,67.0; H, 7.3per cent. C34H18O4 
requires C, 67.2 ; H, 7.2 per cent). Ethyl ozfnelhyl&^-methoxy-s-loluoyl 

3 0 

propionate had b.p. 193° at ii mm. =1.5184. (Found : C, 68,i ; 
H, 7.6 per cent. G15H20O4 requires G, 68.2 ; H, 7.6 per cent). 

CC.-methyl-^-2-meihoxy-5-ioluoyl propionic acid : — It was soluble in 
alcohol, acetic acid, chlorofoim, ethyl acetate and hot benzene. Gry- 
stallised in needles from benzene m.p. 129°. Silver and leads salts were 
insoluble while barium and calcium salts wTve soluble in water. (Found : 
C, 66.2; H, 7.0 per cent. Eq. wt. 234.8 G| :)Hi(j04 requires G, 66.1 ; 

H, 6.8 per cent. Eq. w^t. 236). On oxidation it gave 2-methoxy-5- 
toluic acid m.p. 68°. I’he keto acid did not form a semic arbazone under 
the usual condition. Methyl (xmcihyl^-2-mcthoxy-5-tuluoyl piopionate was 

35 3 5 

a colourless liquid b.p. i76°-i8o°at 9mm.aiidhadD4 =i . i04andND = 

I. 5125. (Found: G, 67.3; H, 7.4 per cent. Gi4Hif^04 requires 
G, 67.2; H, 7.2 per cent). Ethyl Oi mclhyU^-2-methoxy‘5-toluoyt pro- 

35 35 

pionate w^as a liquid b.p. 160° at 3 mm. and h. 1 D4 =i .075 andN^ = 
^•5051. (Found: G, 68. 3 ; H, 7.7 pei cent. Cir,H2oG4 requires 
C, 68.2 ;H, 7.6). 

We thank the University of Bombay for a research grant to one of us 
{K.S .N.) and the Gharak Trust for gift of chemicals. 

M. R. Science Institute, 

Gujarat College, Ahmedabad [Received : July 22y 1942 ] 



ALKYL SUCCINIC ACIDS 

Part II— n-Ainyl and n-Decyl Succinic Acids 

By 

S. U. Mehta and K, S. Naround 

T he purpose of preparing alkyl succinic acids as well as the best 
mode of their preparation have been described before (Mehta and 
Nargund, Jour. Bom, Univ. 1942, vol. 10, part 5, 141). Following 
the same methods we have now prepared the substituted succinic acids 
named in the title of this paper. 

n-Amyl succinic acid has been previously reported to be a liquid 
b.p. 200 at 20 mm. It was obtained by the decomposition of yhexy* 
lidene-y^hexyl-y-butyrolactone (E. Bl. 4, 5, 1143, Chem, Zentr, 1910, i, 
514). As all the lower alkyl succinic acids are well defined solids it 
seemed to us unlikely that n-amyl succinic acid should be a liquid. Wc 
have now prepared n-amyl succinic acid by the malonic ester synthesis 
from ethyl CX bromo heptoate. n-Amyl succinic acid is now found to be 
a solid m.p, 81-82®. It has been characterised by a number of deri- 
vatives. n-Decyl succinic acid has been similarly prepared from ethyl- 
oc bromo laurate. 


Experimental 

Heptoic acid and lauric acid were brominated by Hell volhard method 
and converted into ethyl esters by treatment with absolute alcohol. 
The other reactions were carried out as described previously and com- 
pounds described in tabular form. 
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We thank the University of Bombay for a lesearch grant to one of us (K. S. N.) and the Charak Trust for a gift of lauric acid. 
M. R. Science Institute, 
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TRANSFORMATION OF O-NITROBENZOYL- 
OXYACETOARONES TO O-HYDROXY- 
NITROBENZOYLAROYLMETHANES 


And fhe Synthesis of Nifrcflavones 

By 

V. V. VlRKAR 

I N continuation of the previous work by Virkar and Wheeler (J.C.S., 
1939, 1679) on the transformation, by the action of metallic sodium 
of ^-benzoyloxy or o-naphthoyloxy acetoaroncs to corresponding 
e-hydroxydiaroylmcthanes and the cyclisation of th(‘ latter to chro- 
mones with hydrogen bromide in acetic acid, it has now been observed 
that iiitiobenzoyloxyacetoaroiies also undergo similar molecular re- 
arrangement with metallic sodium, giving corresponding o-hydroxy- 
nitrobenzoylaroylmethaiies, uhich finally give nitioflavones. These 
nitroflavoiies further formed aminoflavones on reduction. 

(?-(3'-Nitrobrnzoyloxy) acetophenone on tn^atment with metallic 
sodium formed 2-hydroxy-3-'nitrobenzoylmethane, whic h further formed 
3'-nitroflavone on dehydration. The 3'-nitroflavone was reduced to 
3'-aminoflavone by the method followed by Bogert and Marcus (J.Am. 
Chem. Soc. 1919, 83). 



Upto now very little work has been done on nitroflavones. Bogert 
and Marcus {toe, cit.) obtained a mixture of nitroi^vones (2'- ; 3'- ; 
4'-nitro) by nitrating a flavone with nitric acid, which they could not 
separate due to the similarity of all the nitroflavones with regard to 
the solubility in the solvents tried. Moreover* all their attempts to 
limit the action of nitric acid to the formation of only one nitroflaTOne 
foiled. However the corresponding aminoflavores (2'- ; 3'- ; 4'-amino) 
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obtained by reduction were separated without much difficulty. But 
by the transformation method all the nitroflavones can be formed separ- 
ately without any difficulty. 

Similarly i - (3'-nitrobenzoyloxy)-2-acetonaphlhone and i - (4'-nitro- 
benzoyloxy)-2-acetonaphthone with metallic sodium gave i-hydroxy-3'- 
nitrobenzoyl-2-naphthoylme thane and i-hydroxy-4'-nitrobenzoyl-2-nap- 
hthoylmethane respectively. These on cyclisalion formed 3'- and 4'- 
nitro-7 : 8-benzoflavoncs, which were further reduced to corresponding 
aminoflavones. 

When 2-benzoyloxy-4-methoxy-5-nitroacet()phenone was treated with 
metallic sodium, no reaction took jjlace and the substance' nanained 
unchanged. Ullal, Shah and Wliceler (J. Univ. Bom., 1941, /o, part 3, 
1 18) also stated that no migration of o-aroyloxy group occurred with 
sodium ethoxide in the o-aroyloxy derivati\e of a nitroacctophcnone, 
but hydrolysis was mainly observed. This behaviour may ])e due to 
the presence of a negative group (NO.j) in the kctonic portion of a 
compound, thus inhibiting the migration of the o-aroyloxy group. 

Experimental 

Pteparalion of o-nitrobenzoyloxyacetoaiones. 

o-(3'-Nitrobenzoyl()xy)acetophenone (10 g.) Wc\s jn'cpared by heating 
a mixture of o-hydroxyacetopheiioiie ('b.8 g.), iii-nitro])enz()ylchloride 
(9.2 g.) and pyridine (20 cc.) at loo'^G". ; crystallised fiom alcohol in 
white shining needles with m.p. 99-100' ( 7 . (Found : N, 5.0 per cent ; 
Cl 5H1 1 O5N requires N, 4.9 per cent). 

Similarly were prepared, i-(3'nitrobenzoyloxy)2— acetonaphthone 
(14.0 g.) from I -hydroxy-2 -acetonaphthone (10. o g.), m-nitrobenzoyl- 
chloride (lo.o g.) and pyridine (30 cc.), crystpMised liom glacial acetic 
acid in colourless small needles with m.p. 152 ‘'( 7 . (Found : N, 4.3 
per cent ; GiqHi requires N, 4.2 per cent) ; and i-(4'-nitro- 

benzoyloxy) -2 -acetonaphthone (7.23 g.) fiom i-hydroxy-2-acetonaph- 
thone (5.0 g.), p-nitrobenzoylchloride (5.0 g.) and pyridine (15.0 cc.), 
crystallised from glacial acetic acid as a colourless microcrystalline solid 
with m.p. (Found : N, 4.3 per cent ; C19H13O5N requires 

N, 4.2 per cent). 

Rearrangement of o-nitrohenzoyloxyacetoarone\ to o-hydioxynitrobenzoylaroyl^ 
methanes and cyclisation to nitrochromones, 

f -Mitroflavone : — 

A mixture of o-(3'-nitrobenzoyloxy)acctophenone (2.8 g.), pulverised 
sodium (0.3 g.) and dry toluene (10. o cc.) was heated at 1*^0° C for 
two hours and the separated yellow sodium salt of 2-hydroxy-3'-nitrodi- 
benzoylmcthane was collected and w'as first treated with alcohol to 
dissolve any residual excess of sodium and then acidified with dilute 
hydrochloric acid. 2 -Hydroxy-3 '-nitrobenzoylme thane (1.5 g.) separated 
was crystallised from alcohol or glacial acetic acid in yellow crystals 
with m.p. 157°^. (Found: N, 4.9 percent; Ci 5H1 ^ Or»N requires 
N, 4.9 per cent). T^is substance (1 .5 g.) w'as dissolved in glacial acetic 
acid (8.0 cc.) and to the warm solution hydrogen bromide in acetic 
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add f locc.) was added and the reaction mixture was allowed to remain 
fiacr fifteen minutes. ^'-Nitroflavonc (i .2 g.) which separated on dilution 
with water, crystallised from glacial acetic acid in white shining small 
needles with m.p. 203 “C. (Found : C, 67.5 per cent ; H, 4.2 per cent 
and N, 5.2 per cent ; C15H9O4N requires C, 67.4 per cent ; H, 
4.2 per cent and N, 5.2 per cent). 

•Aminoftavone : — 

To a hot mixture of 3'-nitroflavonc (0.2 g.) and absolute alcohol 
(lo.o cc ), strannous chloride (5.0 cc.), concentrated hydrochloric acid 
(10.0 cc.j and metallic tin (about o.i g.) were added and the whole 
mixture was heated under reflux for half an hour during which time it 
formed a dear yellow solution. The reaction mixture was then further 
heated for about fifteen minutes. It was diluted with water and tin 
was removed as stannous sulphide by passing hydrogen sulphide gas. 
The solution obtained after removing hydrogen sulphide was concen- 
trated and Heated with solid sodium carbonate to precipitate 3'-amino- 
flavone. ^'-Aminoflavone thus obtained was crystallised by dissolving 
in hot pyiidine and keeping at o°C, in yellow thin shining plates with 
m.p. C. (Found : N, 5.8 per cent ; Cj 5H1 1O2 N requires N, 5.9 
per cent). 

Bogert and Alarcus (loc. cU.) isolated it from the mixture of 2'-, 3'- and 
4'-aminoflavones and give the m.p. 156-157^(7. 

^'-Nitro-y : S-benzoJiaione : — 

A mixture of i (3'-nitrobenzoyloxy)-2-acetonaphthone (5,0 g.) pul- 
verised sodium <"1.2 g.) and dry toluene (20 cc.) w^as heated at I 30°(7 
for tw^ohouis. The separated yellow sodium salt of i-hydroxy-3'-nitro- 
lH*nzo\i-2-naphthoylme thane was collected and first treated with 
alcohol to dissolve any residual excess of sodium and then acidified with 
dilute h\clrochloric acid. i-Hydroxy-3'-nitrobenzoyl-2-naphthoylme- 
thane (4.0 g.) separated was crystallised from excess of acetone in brown 
small shining plates with m.p. igS^C. (Found : N, 4.2 per cent ; 
Cl f)H] JJO5N requires N, 4. 2 per cent). The hot solution of this sub- 
stance (1.5 g.) in glacial actic acid (20 g.) was treated with hydrogen 
bromide* in acetic acid (20 cc.) and w^as kept for about twenty-four 
hours. 3'-Nitro-7 : 8-benzoflavone (i . i g.) which separated on dilution 
with watei, crystallised from glacial acetic acid ana had m.p. 262^(7* 
(Found : C, 71 .9 per cent ; H, 3.5 per cent ; N, 4.3 per cent ; Gjo 
requires C, 71.9 per cent ; H, 3.5 per cent ; and N .4.4 

per cent). 

j'-Amino-y : S-benzoJlavone : — 

To a mixture of 3'-nitro-7 : 8-bcnzoflavonc (0.5 g.) and glacial acetic 
acid (30 cc.), stannous chloride (15 cc.), metallic tin (0.5 g.) and con- 
centrated hydrochloric acid (15 cc.) were added and the whole reaction 
mixture was heated under reflux for about one and half hour, during 
which time it formed a clear yellow solution. It was then kept in frigid- 
airc overnight and the hydrochloride separated in yellow crystalline 
state was filtered off and washed with glacial acetic acid. The m.p. 
of the hydrochloride was above 300®(7. 
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The hydrochloride on treatment with water formed a solution from 
which 3'-amino-7 : 8-bcnzoflavone was precipitated by treating the 
solution with solid sodium carbonate. The compound could not be 
crystallised from most of the organic solvents and so it was redissolved 
in dilute hydrochloric acid, filtered and precipitated by sodium carbonate 
solution. It separated as a yellow powder with m.p. above 300®^. 
{Found : N, 4.8 per cent ; Ci 3O2N requires N, 4.9 per cent). 

4'^Nitfo^y : S^benzoflavone : — 

Similarly i-hydroxy-4'-nitrobenzoyl-2-naphthoylmethane (4.0 g.) was 
obtained from i-(4'-nitrobenzoyloxy)2-acetonaphthone (5 g.) after 
sodium (1.2 g.) treatment. It crystallised from acetone in orange 
crystals with m.p. 222°C'. (Found : N, 4.4 per cent ; C19HJ3O3N 
requires N, 4.2 per cent). A mixture of this substance (1,0 g.), glacial 
acetic acid (15 cc.) and hydrogen bromide in acetic acid (15 cc.) was 
kept at room temperature for half an hour. 4'-Nitro-7 : 8-benzoflavone 
(quantitative yield) separated on dilution with water and crystallised 
from glacial acetic acid with m.p. 293 °C. (Found : C, 71.9 per cent ; 
H, 3.5 per cent; N, 4.1 per cent; requires C, 71.9 

per cent ; H, 3.5 per cent and N, 4.4 per cent). 

4 '-Amino*y : 8~benzoflavone : — 

To a mixture of 4'-nitro-7 : 8-benzoflavone (0.2 g.) and glacial acetic 
acid (10 cc.), stannous chloride (10 cc. or excess), concentrated hydro- 
chloric acid (10 cc.) and metallic tin (about 0.2 g.) were added and the 
whole reaction mixture was heated under reflux for two to three hours, 
during which time the yellow colour of the reaction mixture changed 
to reddish brown. It was then kept overnight at room temperature 
during which time the hydrochloride of (he amino compound separated 
in crystalline state, the m.p. of which was higher than 300®C. 

The hyprochloride on treatment with water formed a solution from 
which the amino compound was separated by treating the solution with 
sodium carbonate. 4'-Amino-7 : 8-benzoflavone could not be crystal- 
lised satisfactorily from most of the organic solvents. It was dissolved 
in pyridine, slightly diluted with water and allowed to separate by 
cooling the solution in frigidaire. It separated as yellow powder with 
m.p. 265^(7. (Found : N, 4.8 per cent; C13H23O2N requires N, 
4.9 per cent). 

With concentrated sulphuric acid it gave greenish yellow fluorescence, 
while vrith concentrated nitric and hydrochloric acid it gave no fluore- 
scence. 

With dilute pyridine solution it gave same type of fluorescence as 
with sulphuric acid. With absolute alcohol it gave green fluorescence, 
while with ether and chloroform it gave light and bright crimson fluore- 
scence respectively. 

DEPARTBiENT OF ORGANIC ChEMISTRV, 

Royal Institute of Science, Bombay IRiceived : August /, 1^42] 



CHROMONES OF THE NAPHTHALENE 
SERIES-PART 

(Transformation of o-naphthoyloxyacetoarones 
to o«hydroxydiaroylmethane$) 

By 

V. V. ViRKAR AND R. C. ShAH 

I N continihilion of the previous work by Virkir and Wlieeler 

^939^ i^^79) the transformation, by the action of metallic' sodium, 
of o-aroyloxya(‘etoarones to o-hydroxydiaroylmcihanes and the 
cyclisatiori ol the latter to chromoncs OC- and [ 3 -naphthoyloxy derivatives 
of o-hydroxyac(’lophenone and 4-benzoyloxy-:2-liydroxya('cl opheiionc 
wert! tr(‘ated with mc'tallic sodium to get the respective transformation 
products, from which the corresponding 2-naplithylchromones were 
obtained by dehydration. Thus som:^ more 2-naphthylchroniones with 
good yields wine synthesised through the intcamediate o-hydroxy- 
diaroylmethanes. 

2-lk‘nzoyloxy-4-methoxyacetophenone was also successfully treated 
with metallic sodium from which 7-methoxylla\()ne was obtained in 
good yield. 


Experimental 

Preparation of o-Aroyloxyacetoarones : — 

o-(oc-Naphthoyloxy) acetophenone (12 g.) separated when a mixture 
of o-hydro.\ya('ctophenonc (6.8 g.), oc-naphthoylchloride (9.5 g.) and 
p>Tidinc (15 cc.), which had been heated at lOO^'C' for half an hour, 
was pourt'd into dilute hydrochloric acid. It was first washed with 
dilute sodium hydroxide and then with water ; cry'stallised from alcohol 
into colourless crystals with m.p. io8®C. (Found : C, 78.9 per cent ; 
H, 4.9 per cent ; requires C, 78.6 per cent ; H,4.8per 

cent). 

Similarly o-([ 3 -naphthoyloxy) acetophenone (10.5 g.) from o-hydroxy- 
acetophenonc (6.8 g.), ^-naphthoylchloride .(9.5 g.) and pyridine 
(15 cc.) crystallised from alcohol in white crystals with m.p. ii9°C. 
(Found : C, 78.7 per cent ; H, 4.8 per cent; C19H14O3 requires 
C, 78.6 per cent and H, 4.8 per cent). 4-Benzoyloxy-2-(i'-naph- 
thoyloxy’) acetophenone (27 g.) from 4-benzoyloxy-2-hydroxyaceto- 
phenone ( 25 *g.), OC-naphthoyl chloride (18 g.) and pyridine (40 cc.) 
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crystallised from alcohol in white cotton like clusters of needles with 
m.p. I04®C. (Found : C, 76.3 percent ; H, 4.4 per cent ; C2«H] g05 
requires C, 76.1 per cent and H, 4.4 per cent) ; 4-Benzoyloxy-2-(2'- 
naphthoyloxy) acetophenone (12.5 g.) from 4-benzoyloxy-2 -hydroxy- 
acetophenone (25 g.), B-naphlhoylchloride (9.5 g.) and pyridine (30 cc.) 
crystallised from alconol as a while microscrystalline solid with m.p. 
103-104'^C. (Found : C, 76.3 per cent ; H, 4.4 per cent ; Co e.Hi 
requires C, 76.1 per cent and H, 4.4 per cent) ; and 4-Methoxy-2- 
benezoyloxyacetophenone (Benzoyl paconol) (12.5 g.) separated in a 
pasty form, from 4-methoxy-2-hydroxyacetopl)enone (10 g.) henzoyl- 
chloride (9.4 g.) and pyridine (12 ce.). It was extracted with ether 
from its reaction mixture, tind tlie ethereal solution was washt'd fii*st 
wath dilute sodium hydroxide and then with water, dried over calcium 
chloride and the pasty mass oljtained after removing ether was used for 
further reaction. 

Rearrangement of o-Aroyloxyacetoarone^ into o-IIydroxydiaroylmethanes and 
/'yclisation to Chromones, 

-Maphthyli chromone : — 

A mixture of o-(oC“Naphthoylo\\) acetoj^henone (G g.), pulverised 
sodium (1.5 g.) and dry toluene (30 cc.) was heated at I'jO^C for three 
hours and the separated yellow sodium salt was collected and first 
treated with alcohol to dissolve anv excess of sodium and then acidified 
with dilute hydrochloric acid. »-Hydroxy-i'-iiaphthoylbenzoyhnethane 
(4 g.) which separated was ( rystallised from glacial acetic acid in yellow 
crystals with m.p. I24°C'. (Found : C, 78. 7 per cent ; FI, ^3.1 percent ; 

requires C, 78.6 per cent ; and FI, 4.8 ])er cent). The 
solution of this substance (0.5 g.) in acetic anhydride (5 cc.) was treated 
with hydriodic acid ^5 cc. ; d, 1,7) and kept overnight at room tem- 
perature. It w'as then poured into a cold saturated solution of sodium 
hydrogen sulphite and 2-(i'-naphthyll chromoir which separated was 
crystallised from alcohol in white crystals with m.p. 138-139^(7. (Found: 
C, 84.1 per cent ; FI, 4.7 per cent ; requires C, 83.8 per 

cent and H, 4.4 per cent). 

-Naphthyl) chromone : — 

o-(p-Naphthoyloxy) acetophenone (6 g.) on treatment with pulverised 
sodium in dry toluene as described above gave o-hydroxy-2'-naphthoyl- 
benzoylmethane (3.2 g.) crystallised from glacial acetic acid in yellow 
crystals with m.p. i4i°C'. (Found : C, 78 . 7 per cent ; H, 5.1 per cent ; 
C19FI14O3 requires C, 78.6 per cent ana FI, 4.8 per cent) ; which 
with hydriodic acid formed 2 -(2'-naphthyl) chromone. It crystallised 
from alcohol with m.p. I 34 °( 7 . (Found : C, 84.0 per cent ; H, 4.7 
per cent ; C19HX2O2 requires C, 83.8 per cent and H, 4.4 per cent). 

y-Hydroxy-2-{i' -naphthyl) chromone :* — 

A mixture of 4-benzoyloxy-2-/ 1 '-naphthoyloxy) acetophenone 
(15 g.), pulverised sodium (0.8 g.) and di7 benzene (40 cc.) was heated 
under reflux for four hours. In this reaction no solid sodium compound 
was separated but the whole reaction mixture formed a dark red solution. 
Benzene was removed from the reaction mixture by distillation and 
ifae yellowish red solid obtained was first treated with alcohol to dissolve 
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any residual excess of sodium and then acidified with dilute hydrochloricr 
acid. The separated 7-hydro3ty-2-(i '-naphthyl) chiomone (8.5 p.} 
crystallised from nitrobenzene with m.p. 2gi^C after sintering at i 88 ®< 7 . 
ft is interesting to note that it exhibited intense red fluorescence with, 
concentrated sulphuric acid unlike other chromones, and no fluorw- 
cence in alkali solution. It is insoluble in ether, cold or hot glacial 
acetic acid and in most of the common organic solvents. It gives no 
colouration with alcoholic ferric chloride. (Found : C, 79.2 per cent ; 
H, 4.2 per cent ; G19HJ2O3 requires C, 79.2 per cent and H, 4.2^ 
per cent;. 

7-Acetoxy-2-( I '-naphthyl) chromone prepared by the acetic anhy- 
dride-pyridine method, was crystallised from a mixture of absolute 
alcohol and benzene in white fine needles with m.p. 173°^. (Found : 
C, 76.4 per cent ; H, 4.2 per cent ; C23H|404 requires C, 76.4 per 
cent and H, 4.1 per cent). 7-Bcnzoyloxy-2-( i '-naphthyl) chromone 
prepared by the Ix'nzoylchloride-pyridine method, was crystallised from 
absolute alcohol with little benzene in w^hite crystals with m.p. I59®C. 
(Found : C, 79.5 per cent ; H, 4.3 per cent ; C26H10O4 requires 
C, 79.6 per cent and H, 4.1 per cent). Both the derivatives give 
intence red fluorescence with concentrated sulphuric acid as the original 
compound. 

y^Hydroxys- {2' -naphthyl) chromone : — 

4-Bcnzoyloxy-2-(2'-naphthoyloxy) acetophenone (12.5 g.) on treat- 
ment Avilh pulverised sodium in dry benzene as described above gave 
benzoyl -4-l^nzoyloxy-2-hydioxy (2'-naphthoyl) methane (7.5 g.)^ 

crystallised from acetone in yellow' crystals with m.p. 167-168^(7. 
(Found : C, 76.1 per cent ; H, 4.2 per cent ; requires 

C, 76.1 f)er cent and H, 4.4 per cent). It gave a dark red colouration 
with alcoholic ferric chloride. This compound on refluxing with acetic 
anhydride and hydriodic acid formed 7-hydroxy-2- (2 '-naphthyl) chro- 
mone. It crystallised from nitrobenzene with m.p. 288^(7. (Found r 
79*3 cent; H, 4.2 cent ; requires C, 79.2 per 

cent and H, 4.2 per cent). Benzoyl -4-benzoyloxy-2-hy(lroxy (2'- 
naphthoyl) methane (0.7 g.) on treatment with hydrogen bromide in 
acetic acid in the cold gav(^ 7-benzoyloxy-2-(2'-nciphthyl) chromone. 
It crystallised from a mixture of aljsolule alcohol and benzene in slightly 
cream coloured needles with m.p. It exhibited blue fluores- 

cence with concentrated sulphuric acid. (Found : C, 79.4 per cent ; 
H, 4.4|K‘i cent ; 1^504 requires C, 79.6 per cent and H, 4,1 

per cent^. 7-Acetoxv-2- (2 '-naphthyl) chromone w^as preparc'd by the 
acetic anhydiide-pyridine methcxl. It crystallised from alcohol in white 
crystals with m.p. i9o''(7. (Found: C, 76.1 j>cr cent; H, 4.4 per 
cent ; GoiHj rcc|uircs C, 76.4 per cent and H, 4. i per cent). It 
was insoluble' in dilute sodium hydroxide but was soluble in concen- 
trated nitric acid, giving yellow solution. It gave blue fluorescence with 
concentrated sulphuric acid. 

y^Methoxyfiavone : — 

4-Mcthoxy-2-benzoyloxyacetophcnone (0.8 g.) on treatment with 
pulverised sodium in dry benzene as described above gave a reddbh 
oily product,* which w'as extracted with ether and was converted to 
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copper salt by shaking the ethereal extract with aqueous copper acetate 
solution. Greenish coppei salt separated was washed first with ether 
and then with water. 2-Hydroxy-4-methoxydibenzoylmethane (4.2 g.) 
was separated by decomposing the copper salt with dilute hydrochloric 
acid. It crystallised from alcohol into fine shining yellow plates with 
m.p. (Found : C, 70 . 9 per cent ; H, 5 . 2 per cent ; Cj ,j Hi 4O4 

requires C, 71. i per cent and H, 5.2 per cent). This on treatment 
with hydrogen bromide in acetic acid formed 7-methoxyflavone ; crys- 
tallised from alcohol into white needles with m.p. 1 1 0*^(7. It gave blue 
fluorescence with concentrated sulphuric acid. The compound has 
been prepared by Emilewiez and v. Kostanecki (Ber., 1899, 312) by 

the action of alcoholic potassium hydroxide on 4-metho\y-2-acetoxy- 
benezalacetophenonedibromide (m.p. Turner and Robin- 

son (J.C.S., 113, 1918, 876) prepared it by the action of h^diiodic acid 
on 2 : 4-dimethoxydibenzoylmethane (m.p. iio°C). 

7-Methoxyflavone on treating with hydriodic ac id formed 7-hydroxy, 
flavone. It crystallised from alcohol with m.p. 240^(7. (Lit. m.p- 
240°C). 

Department of Organ re Chemistry, 

Royal Institute of Science, Bombay [Received : August /, 1342] 



KOSTANECKi-ROBINSON REACTION 

Part IV~Acefylation, Propionylalion and 
Butyrylation of Orcpropio*phenone 

By 

P. 1,. 'j’RivEDi, S. M. Setiina and R. C. Shah 

I N roiilinu.ilion of the previous work (Sethna and Shah, J.I.C.S., 1940, 
/7, 239, 487, 601), the Kostanccki-Robinson reaction has now been 
extended to the acetylation, propionylation and butyrylation of 
oicproj)iophenonc. The hitherto unknown orepropiophenone has been 
prepared by Hocsch’s method (Ber., 1915, ^ 5 , 1127) for the preparation 
of orcacctophenonc. 

Kostanecki-Robinson reaction which consists in treating o-hydroxy 
ketones with sodium salts of fatty acids and their anhydrides gives either 
coumarins or thiomoncs or a mixture of both depending on the ketone, 
the anhydride and the salt used. Thus, for example, resacetophenone 
or its mono-methyl ether gives on acetylation only a chromone whereas 
on propionylation and butyrylation it ^ves a mixture of chromones and 
eoumarins, the latter being obtained in greater yield (Kostanecki and 
Rozyeki, &r., 1901,^4, 102; Heilbron, Hey and Lythgoe, J.C.S., 1934, 
1581; 1936, 297). Respropiophenone on acetylation gives exclusively a 
chromone (Canter, Curd and Robertson, J.C.S., 1931, 1262), but on 
propionylation and butyrylation of respropiophenone monomethyl 
ether the products obtained are mainly chromones with traces of the 
corresponding courmarins (Heilbron, Hey and Lythgoe, loc. cit.). 

Orcacctophenonc or its monomethyl ether however gave on acety- 
lation, propionylation and butyrylation, 4-substituted c-acyl coumarins 
only (Sethna and Shah, loc. cit.). These compounds are of interest as 
their formation is noted for the first time. The 6-methyl group in 
oreacctophenone therefore seems to have a profound influence on the 
course of the Kostanecki-Robinson reaction. It was therefore thought 
of interest to study the acylation of orepropiophenone. 

Orepropiophenone on acetylation and propionylation gave products 
to which structures of 7-acetoxy-a : 3 : 5-trimcthyl chromone (I, R= 
COCH3 and R’^CHa) and 7-propionoxy 2-ethyl-3 : 5-dimcthyl 
chromone (I. R=COC2H5 and R’=C2H5) have beeen assigned. They 
gave no reaction with 2 : 4-dinitro phenyl hydrazene which indicated 
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the absence of c-acyl group in 3*position. The above compounds on 
treatment with concentrated sulphuric acid gave products to which the 
structures of 7-hydroxy.2 : 3 : 5-trimethyl chromone (I, R=-H, R’=: 
CH3) and 7-hydroxy.2.ethyl.3 : s-dimethyl chromone (I, R=H, R’ = 
l^en assigned as they were found to be identical on direct 
comparison with authentic specimens of these chromones prepared as 
described later. 

On butyrylation of orepropiophenone, brown viscous mass was 
obtained which was directly treated with concentrated sulphuric acid 
when a product was obtained to which the structure of 7-hydroxy-2- 
propyl 3 : 5-dimethyl chronione (I, R==H, R’=C3H7 ) has been assigned 
as it was found to be identical on direct comparison with Jin authentic 
specimen of the same chromone. It did not react with 2 : 4-dinitro 
phenyl hydrazene thus indicating the absence of any c-acyl group in 
3-position. 

It has been thus found that the results are in general agreement with 
those of the previous woikers who worked on other o-hydroxy propio- 
phenones, viz.^ that in acylation of o-hydroxy propiophenones, chromones 
are mainly or exclusively obtained (Canter, Curd and Rolx^rtson, /or. 
ctL ; Heilbron, Hey and Lythgoe, /or. cit.). The results are however 
different from those obtained on similar acylation of orcacetophenone 
(Sethna and Shah, loc. cii,)^ when 4-substituted c-acyl coumarins were 
exclusively obtained. Thus the 6-methyl group in orepropiophenone 
does not seem to have any marked influence on the course of the Kos- 
tanecki -Robinson reaction. 

The chromones required in this work for comparison were prepared 
by the condensation of orcacetophenone dimethyl ether with ethyl 
acetate, ethyl propionate and ethyl butyrate respectively. The sodium 
salts of the B-diketones (II, R-Na, R’-CHg, C^H.-, and C;,H7 res- 
pectively) so obtained were methylated with methyl iodide and the 
methylated B-diketones (TI, R- CH^ ; R’-CH^, C^H.^, C3H7 res- 
pectively) were treated with (old liydrobromic acid when methoxy 
chromones wrre obtained. These on heating with hydroiodic acid gave 
7-hydroxy-2 : 3 : 5-trimethyl chromone, 7-hydroxy-2-ethyl 3 : 5-dimelhyl 
chromone and 7-hydroxy-2 -propyl-3 : 5-dimethyl chromone (I, R=H, 
R’=CHj{, C2Hrt and C.‘tH7 respectively). 



Experimental 

Preparation of orepropiophenone (2 : 4-dihydroxy-6-methyl propiophe- 
none). 

13(a) 
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It was prepared by Hocsch’s method (Ber., I 9 ^ 5 > 4^9 
preparation of orcacctophcnonc as follows : — , 

Anhydrous orcinol (6o g.) was dissolved in dry ether (i5t> cc.) and 
propionitrile (40 g.) and powdered ZnCl2 (20 g.) added. Dry hydrogen 
chloride was passed through this for three hours and the reaction mixture 
kept overnight in frigidaire. A yellowish white mass separated the 
next day. After removal of ether the reaction mixture was treated with 
water and heated for 15 minutes. It was then cooled and treated with 
liquor ammonia till most of the hydrochloric acid was neutralised. It 
was then further heated for about 20 minutes. On cooling, reddish 
needles were obtained which were crystallised from hot water in long 
shining needles (20 g.) m.p. 127-128°. It gave dark red colouration 
with alcoholic ferric chloride. (Found : C, 66.5 per cent ; H, 6.8 
per cent ; Cn,^! 2 requires C, 66.6 per cent ; H, 6.6 per cent). 

Acetylation of orepropiophenone : y^acetoxy -2 : j : j-trimethyl chromone (I, R = 
C 0 CH 3 ,R’-CH 3 ) (A). 

Orepropiophenone (2 g.) sodium acetate (6 g.) and acetic anhydride 
(20 ec.) were refluxed in an oil bath at 180-190° for 8-9 hours. The 
exce.ss of acetic anhydride was distilled over and the reaction mixture 
added to water. The solid which separated was crystallised from alcohol 
in long wooly needles (1.5 g.) m.p. 122-123°. It was insoluble in cold 
dilute alkali and gave no colouration with alcoholic ferric chloride. 
(Found : C, 68.4 per cent ; H, 5.8 per cent ; G14H14O4. requires 
C, 68.3 p€*r cent ; H, 5 . 7 per cent). 

y^hydroxy-s : 5 ; frlrimethyl chromone (I, R=H, R’ — CH^) (B). 

The above product (A) (i g.) was kept for four hours with concen- 
trated sulphuric acid (10 cc.) and then added to cold watei. The pro- 
duct which separated was crystallised from alcohol in tiny needles 
(0.6 g.) m.p. 269-273°. Mixed m.p. with an authentic specimen of 
7-hydroxy 2:3: 5-trimethyl chromone piepared as described later was 
not depre.ssed. It readily dissolved in cold dilute alkali and gave 
greenish blue fluorescence with concentrated sulphuric acid. No 
colouration with alcoholic ferric chloride was observed. (Found : 
C, 70.6 per cent ; H, 5.9 per cent ; require*? C, 70.6 

per cent ; H, 5.9 per cent). 

On treating th(‘ alx)ve products (A) and (B) separately with alcoholic 
potash (10 per cent) the product (B) was obtained from (A) and (B) 
remained unchanged. Also neither (A) noi (B) gave any 2 : 4-dinitro- 
phenyl hydrazones, thus indicating the absence of t-acyl group in 3- 
position. 

y-Methoxy-2 : j : j-trimethyl chromone (I, R and R' — CH3). 

It was prepared by refluxing the product (B) (i g.) dissolved in acetone 
(50 cc.) with methyl iodide (5 g.) in presence of potassium carbonate 
(2 g.). The product obtained after removal of acetone was crystallised 
from alcohol in prismatic needles (0.7 g.) m.p. 159°. Mixed m.p. 
with an authentic specimen of 7-methoxy-2 : 3 : 5-triniethyl chromone 
was not depressed. (Found : C, 71.4 per cent ; H, 6.6 per cent ; 
Cl 3H1 4O3 acquires C, 71 ,6 per cent ; H, 6.4 per cent). 
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Propionylation of orcpropiophenone : 7-propionoxy-2^ethyl^3 : 5 : dimethyl 
chromone (C) (I, R=COC2H5 ; R'=C2H5). 

Orcpropiophenone (2 g.) was refluxed with sodium propionate (6 g.) 
and propionic anhydride (20 cc.) in an oil bath at 180-190® for 8 
hours. The excess of propionic anhydride was distilled over and the 
reaction mixture, after cooling, added to water. At first reddish yellow 
oil separated which on keeping in a frigidaire overnight solidified to a 
reddish yellow mass which was crystallised from alcohol in prismatic 
needles (1.2 g.) m.p. 75°. It was insoluble in cold dilute alkixli and 
gave no colouration with alcoholic ferric chloiide. (Found : C, 69^9 
per cent ; H, 7.0 per cent ; Cj yHi ^^04 requires C, 70.0 per cent; H, 
6 . 6 per cent) . 

y-Hydroxy-3-Ethyl-^ : j-dimethyl chromone (D) (I, R"H, R' — C-H.-,). 

The above product (i g.) was treated with concentrated sulphuric 
acid (10 cc.), kept for six hours and then poured in cold water. The 
product which separated was crystallised from alcohol in tiny needles 
(0.5 g.) m.p. 258-261®. Mixed m.p. with an authentic specimen oi‘ 7- 
hydroxy 2-ethyl 3 : 5-dimethyl chromone prepared as descril)ed lat(‘r 
was not depressed. It was soluble in cold dilute alkali and gave greenish 
blue fluorescence withco ncentrated sulphuric acid. It did not give any 
colouration with alcoholic ferric chloride. (Found : C, 7 1.3 per cent; 
H, 6.8 per cent ; Cj 3H1 4O3 requires C, 71.6 per cent ; H, 6.4 per cent). 

On treating the above products (G) and (D) separately with alcoholic 
potash (10 per cent) the product (G) gave product (D) and the pioduct 
(D) remained unchanged. Also none of the products gav(‘ 2 : 4-dinitro- 
phenyl hydrazones. This indicated the absence of c-acyl group in 
3-position. 

The acetyl derivative^ prepared as usual by heating with sodium acetate 
and acetic anhydride was crystallised from alcohol in tiny nc'cdles m.p. 
107-108°. (Found : G, 68.8 per cent ; H. 6.6 ^jcr cent ; G] .H^eO 
requires G, 69.2 per cent ; H, 6. i per cent). 

The methyl ether prepared as usual with methyl iodide and fused 
potassium carbonate was crystallised from alcohol in white tiny needles 
m.p. 130- 13 1®. Mixed m.p. with an authentic specimen of 7-inethoxy- 
2-ethyl-3 : 5-dimethyl chromone was not depressed. (Found : G, 72,2 
pel cent ; H, 7.2 per cent ; Gj4H|,jO,:j requires G, 72.4 per cent ; 
H, 6.9 per cent). 

Butyrylation of orcpropiophenone : y-hydroxy^2-propyU^ : ^-dimethyl chro- 
mone (I, R=-H ; R'^GgHy). 

Orcpropiophenone (2 g.), sodium butyrate (6 g.), and butyric anhy- 
dride (20 cc.) were refluxed in an oil bath at 180-190® for eight hours. 
On cooling, the reaction mixture was added to about a litre of cold 
water. Sodium bicarbonate solution was added slowly to neutralise 
butyric acid formed. Even on keeping in a frigidaire for four days the 
brown viscous oil obtained did not solidify, so it was taken up with 
ether. The ether extract w'as w’ashcd with sodium bicarbonate solution, 
dried and the ether cvajx)rated. The browm oil thus obtained was 
directly treated with concentrated sulphuric acid (20 cc.) and kept for 
six hours. A yellow^ solid obtained on pouring the reaction mixture in 
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cold water was crystallised from alcohol in shining needles (i g.) m.p. 
238-241®. Mixed m.p. with an authentic specimen of 7-hydroxy-2- 
propyl-3 : 5-dimethyl chromone prepared as described later was not 
depressed. It gave greenish blue fluorescence with concentrated sul- 
phuric acid. It was soluble in cold dilute alkali and gave no colouration 
with alcoholic ferric chloride. (Found: C, 72.3 per cent; H, 7.2 
per cent ; C14H1 (,©3 requires C, 72.4 per cent ; H, 6.9 per cent). 

It remained unchanged when treated with 10 per cent alcoholic 
potash. It also did not give a 2 : 4-dinitro phenyl hydrazone which 
indicated the absence of c-acyl group in 3-position. 

Ihe methyl ether prepared as usual with methyl iodide and fused potas- 
sium carbonate was crystallised from alcohol in small prisms m.p. 90®. 
Mixed m.p. with an authentic specimen of 7-methoxy-2-propyl-3 : 
5-dimethyl chromone was not depressed. (Found : C, 73.0 per cent ; 
H, 7.7 per cent; requires C, 73.2 per cent; H, 7.3 

per cent ) . 

The acetyl derivative prepared as usual by refluxing the above hydroxy 
chromone with sodium acetate and acetic anhydride, was crystallised 
from alcohol in long needles, m.p. 95®. (Found : C, 69.6 per cent. ; 
H, 7.1 per cent; Ci«Hi(j04 requires C, 70.6 per cent; H, 6.6 
per cent). 

(^’ ; 4' dimethoxy-6' methyl) benzoyl acetyl methyl methane (II, R — CH3; 
R' CH;,). 

The sodium salt of (2': 4'-dimethoxy-6'-methyI) benzoyl acetyl 
methane {cj. Sethna and Shah, loc, cit.) was prepared by heating a 
mixture of orcacetophenone dimethyl ether (12 g.), ethyl acetate (22 g.) 
*ind pulverised sodium (3 g. approx. 2 inols) in an oil bath at 1 15-120® 
for «in hour . Large (‘xcess of ether was added when the sodium salt 
got precipitated. This was filtered, washed free from tarry matter 
with ether, dried and then methylated by taking the sodium salt (10 g.) 
and heating it under reflux for five hours with methyl iodide (5.5 g.) in 
acetone (125 cc.). After removal of acetone, the residue was treated 
whh water when a yellow oil separated, which did not solidify even on 
keeping it in frigidaire for 3 days. It was extracted with ether. The 
ether <‘xtract was dried and the ether evaporated when an oil was 
left b(*hind. It gave violet colouration wdth alcoholic ferric chloride 
and wMs soluble in sodium hydroxide solution. 

y^Methoxy-^ : y : j^trimethyl chromone (I, R and R' ~CH3), 

'Fhe above crude B-diketone (2 g.) was kept in contact with hydro- 
bromic acid (d, 1.78; 7 cc.) for 24 hours and then proured in 
cold water. An orange coloured solid separated which was treated 
with sodium hydroxide (5 per cent ; 20 cc.) to remove demethylatcd 
chromone if any was formed. The alkaline solution on acidification 
howrver gave nothing. The insoluble portion in sodium hydroxide 
after thorough w'ashing with water was crystallised from alcohol in long 
prismatic needles (0.8 g.) m.p. 159®. 

y-Hydroxy*2 : 3 ; ^-trimethyl chromom (I, R=H, R'=CH3). 

The above methyl ether (0.3 g.) was dissolved in acetic anhydride 
(3 cc.) amd hydroiodic acid (d, 1.7; 5 cc.) added. The mixture 
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was refluxed in an oil bath at 130-140° for two hours. The pro- 
duct obtained on adding the reaction mixture to sodium bisulphite 
solution was treated with sodium hydroxide (5 per cent ; 15 cc.). The 
insoluble portion was found to be the undemethylated methyl ether. 
The alkali soluble portion which came down on acidification with hydro- 
chloric acid was crystallised from alcohol in woolly needles (0.13 g.) 
m.p. 269-273°. 

{2'4^^dimethoxy-6^^methyl) benzoyl propionyl methyl methane (II, R = 
CH3,R’=C2H5). 

The sodium salt of the B-diketone-(2’: 4’ di me thoxy-6 ’methyl ) Ix'nzoyl 
propionyl methane {cf. Selhna and Shah, loc. cit,) was prepared by 
heating a mixture of orcacetophenone dimethyl ether (10 g.), ethyl 
propionate (20 g.) and pulverised sodium (3 g.) in an oil bath at 1 15-120° 
for an hour. Large excess of ether was added when the sodium salt 
got precipitated. This was filtered, washed free from tarry matter by 
ether, dried and then methylated by taking the sodium salt (10 g.) and 
heating it under reflux for fi\e hours with methyl iodide (5.5 g.) in 
acetone (125 cc.). After removal of acetone the residue was treated 
with water when a yellow oil separated which did not sedidify even on 
keeping it in frigidaire for three days. It was (extracted with ether. 
The ether extract was dried and the ether evaporated when an oil was 
left behind. It gave violet colouration with alcoholic ferric chloride 
and was soluble in sodium hydroxide solution. 

y-Methoxy-2-ethyl 3 : ^-dimethyl chromone (I, R — CH.^ ; R' -C ^Hr,). 

The above crude B-diketoiie (2 g.) was kept in (ontact with HBr 
(d, 1.78 : 7 cc.) for 24 hours and then poured in cold water. An 
orange coloured solid separated which was tr(\ited with sodium 
hydroxide (5 per cent ; 20 cc.) to remove* d(‘m(*thylated chromone if 
any was formed. The alkaline solution yield^‘d nothing on acidifi- 
cation. The insoluble portion was crysttiliised from alcohol in long 
prismatic needles (0.8 g.) m.p. 128-129''. 

y-hydroxy^2-ethyl 3 : ^-dimethyl chromone (II, R=H, R’=GoH5). 

The above methyl ether (0.5 g.) was dissolved in acetic anhydride 
(5 cc.) and refluxed with hydroiodic acid fd, 1.7 i 5 <'t'*) In oil 
bath at 130-140° for three hours. The product obtained on adding the 
reaction mixture to sodium bisulphite solution was treated with 
sodium hydroxide (5 per cent ; 15 ct.). The alkaline solution on acidi- 
fication with hydrochloric acid gave brownish yellow mass which was 
crystallised from alcohol in small needles (0.3 g.) m.p. 258-260°. 

{2^ ~4^’-dimethoxy’‘6^ --methyl) benzoyl butyryl tMihyl meihane (II, R=GH3 ; 
R’-GsH^). 

The sodium salt of (2’ : 4’-dimethoxy-6’-methyl) benzoyl buty^l 
methane {cf. Sethna and Shah, loc. cit.) was prepared by heating a mix- 
ture of orcacetophenone dimethyl ether (10 g.), ethyl butyrate (20 g.) 
and pulverised sodium (3 g.) in an oil bath at 115-120° for two hours. 
Large excess of ether was added to precipitate the sodium salt which 
was filtered, washed free from tarry matter with ether and dried. This 
was methylated by taking the sodium salt (10 g.) and heating it under 
reflux for five hours with methyl iodide (5 g.) in acetone (125 cc.). 

13 (b) 
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After removal of acetone the residue was treated with water when a 
yellow oil separated which did not solidify even on keeping in a frigidaire 
for three days. It was extracted with ether, the ether extract dried 
and the ether evaporated. It gave intense violet colouration with 
alcoholic ferric chloride and was soluble in dilute sodium hydroxide. 

y-Methoxy-2-propyl-s : 5-dimethyl chromone (I, R^CHg ; 

The above crude B-diketone (1.5 g.) was kept for 24 hours with hydro- 
bromic acid (d, 1.78; 7cr.) and then poured into water when 
pasty mass separated which solidified after keeping it in a frigidaire 
overnight. It was treated with sexlium hydroxide (5 per cent ; 10 cc.). 
The senium hydroxide solution however did not yield anything on acidi- 
fic.'tion. The insoluble portion after thorough washing with water 
was crystallised from alcohol in small prisms (0.6 g.) m.p. 91-92®. 

7-hydroxy-2-propyl-3 : 5-dimethyl chromone (I, R=H ; R’^C^Hy ). 

The above methvl ether (o 5 g.) was dissolved in acetic anhydride 
(3 cc.) and refluxed with hydroiodic acid (d, 1.7 ; 3 cc.) for an hour 
in an oil bath at 130- 140®. The prcxiuct obtained on jjouring the 
reaction mixture in sodium bisulphite solution was treated with 
sodium hydroxide (5 per cent; 10 cc.). The product obtained on 
aciciification of the alkaline solution with hydrochloric acid was crys- 
tallised from «ilcohol in tiny needles (o. 15 g.) m.p. 238-241®. 

One of us (S.M.S.) thanks the University of Bombay for the award 
of a research grant. 

Royai Insthuie of Sc ifnce, Bombay ; 
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Elfhinstonl College, Bombay \ Received : July 31^ ^94^^ 



COMPARATIVE HYDROLYSIS OF 
PROTEINS FROM FOOD-GRAINS 

ft’ 

N. V. Bhide and D. L. Sahasrabudhe 

I N all the civilized countries where scientific work is carried out there 
arc laboratories which arc specially devoted to the study of digestibi- 
lities of important food stuffs. In India a large amount of work on 
nutrition is being carried out at Coonoor, Bangalon*, Madras, Calcutta, 
etc. The nutritive value of the food stuffs depends upon two factors, 
firstly the quantity of the essential constituents such as carbohydrates, 
proteins, fats, etc., which the food stuffs contain and secondly, how much 
of each becomes available to the body. The important constituents of 
a food stuff are carbohydrate, proteins, and fats. The study of the hydro- 
lysis of the carbohydrates fiom various grains has been done by many 
workers, such as W. E. Stone (U.S.A. Dept. Agric. Bulletin, 189^, No. 
34), C. F. Langswoithy (J. Bio^ Chem., 1920, L. 11 ), etc. Similarly 
the study of the proteins from the various p'ains has been carried out by 
using enzymes in-vitro or in-vivo by feeding ihi animals with the food 
stuffs. In India such studies have been made by Bhagwat and Shrini- 
vasaya, (J. Ind. Inst. See., 1936, /pA/io), Niogi, Narayana and Dcsai 
(Ind. Jour. Med. Res., 1931, 18, 1217 ; ibid, 19, 475 ; tbtd 1932, 19, 
859), Damodaran and Krishnaswami (Bio Chem. J. and Ind. Acad. Sc., 
1942, XV, No. 6, 285-297), while among the workers in the foreign 
countries the names of Cohn and White (J. Bio. Chem. I 935 > *^ 9 )> 

Watermann and Johns (J. Bio. Chem. I92i> 47 ^ 285; 1923, 5^0 

may be mentioned. 

In order to get a general idea as regards the comparative digestibility 
of the food grains, it is necessary to study the rate of their hydrolysis by 
various hydrolysing agents. The authors have carried out experiments 
on the digestibility of various constituents of the important grains, but 
in this paper it is proposed to discuss the results of hydrolysis only of the 
proteins of the following grains : — 

I Cereals : — [a) Bajri (Pennisetum typhoideum) ; 

(b) Vari (Panicum milaceum). 

II Pulses : — {a) Gram (Cicer arictinum) ; 

(6) Black gram (Phaseolus radiatus). 
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Hydrolysis of the Flours with Pepsin only 

Experimental ; — ^Two grams of each of the flours were suspended in 
25CC. of o.iN. HCl and 25 cc. of 0.2% pepsin prepared in o.i N 
HCl were added to the suspension, it was then incubated at 37®C. for the 
required period, one hour, two hours, and three hours. After the 
incubation for the fixed jjcriod five cc. of the i N NaOH were added 
to completely neutralise the acid ; and 5 cc. of the collodial iron were 
added to coagulate the proteins. i cc. of Magnesium Sulphate solution 
(50%) was added when complete coagulation took place and the solution 
beciime quite clear. The volume was made to 100 cc. and filtered. 
5 cc. of the filtrate were used for the amino-nitrogen estimation by Van 
Slyke’s Method (J. Biol. Chem., 1912, 12, 399). The Hydrolysis was 
expressed in miligrams of nitrogen per 100 grams of the flour. A blank 
experiment was run side by side for every period and for every strength 
of the jxjpsin used and the result of the blank experiments together with 
the error of the apparatus were subtracted from the values obtained. 

Of all the four flours Black-gram flour is the most attacked while the 
Vari flour is the least attacked. Between Bajri and Vari, Bajri flour is 
more easily attacked than the Vari flour. 

The proportion of the pioteins in puls(\s is as expected much more 
than in cereals. The striking diflference between cereals and pulses is 
that, in cereals it takes a little time to start the hydrolysis and therefore 
the maximum nitrogen is liberated in the second period ; while in the 
pulses the proteins are all attacked from the very beginning. 

The sudden drop in the rates of hydrolysis observed in the case of the 
cereals as well as pulses may be due to the fact that hydrolysis of the 
albumins and globulins takes place in two stages, during the first of w^hich 
there is a rapid hydrolysis of the proteins to proteoses and peptones, while 
during the second stage the primary degradation products undergo a 
slow' hydrolysis to similar products. An observation of this type has 
been made by McFartere (J. Gen. Physiol., 1927, /o, 437). Miller and 
Calvery (J. Biol. Chem, 1936, 116^ 393) have found that the hydrolysis 
of lactalbumin by pt'psin proceeds rapidly for the first few hours, 10.4% 
of the total nitrogen being liberated as amino nitrogen in four hours after 
which the rate decreases as the hydrolysis proceeds slowly for 66 days. 
The end products of the pepsin digestion of the proteins arc mainly 
peptides of varying degrees of complexity, (Calvery and Schock, 1936, 
J. Biol. Chem., //j, 15), although free amino acids may be liberated. 
So the complete digestion of the proteins does not take place in one stage. 
The end products of the pepsin digestion are further digested into simpler 
units by the enzymes of the alimentary cannal, which are secreted by 
pancreas. 
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The digestion was therefore carried out by superimposed trypsin. 

Hydrolysis op Flours by Enzymes in their Natural Sequence, 
i,e., Pepsin pollowed by Trypsin 

Pancreas secrete three proteinases, Trypsin, Hytrotrypsin and Chy- 
motrypsin : Several of the proteinases appear in the pancreatin juice in 
inactive form and require activation before they show their hydrolytic 
effect. The active enzyme is referred to as pancreatin proteinase or 
trypsin, trypsinkinsc or trypsin. It is able to effect hydrolysis of high 
molecular weight proteins and protamimes. Calvery (1933, J. Biol. 
Chem., /OJ?, 73) has found that the enzyme is unable to bring about 
hydrolysis of albumin solutions in which pepsin digestion has previously 
been allowed to proceed to its maximum. Millar and Calvery (1936, 
J. Biol. Chem., 16, 393) have found that trypsin is able to effect a slight 
further hydrolysis although the final degree of hydrolysis was approxi- 
mately the same as when pepsin was allowed to proceed to its limit. So 
the pure pancreatin proteinase brings about the same amount of hyd- 
rolysis as pepsin. 

In the light of these observations by the various workers on the pro- 
teins of the animal origin it was thought of interest to study the hydro- 
lysis of the flours, subjected to successive action of pepsin and trypsin. 
This would provide the information as regards the behaviour of the 
proteins from vegetable origin. 

Experimental : — The hydrolysis of the flours with the pepsin was car- 
ried out exactly as before. 50 cc. of o.i N HCl in the Pepsin digest 
were neutralised with 5 cc. of iN. NaOH, and 5 cc. of 6% solution of 
trypsin in o.i N. NaOH were added, the resulting 60 cc. contained 
0.5% trypsin and the hydroxyl ion concentration \\as 1/120. The activ- 
ity of the enzyme was destroyed by heating the mixture at 8o®C for 5 
minutes. 5 cc. of colloidal Ferric Hydroxide and i cc. of 50% magne- 
sium sulphate were added to clarify the mixture. The volume was made 
to 100 cc. and filtered, 5 cc. of the filtrate were used for the estimation 
of the amino nitrogen by Van Slyke’s method. 

The results are expressed as miligrams of nitrogen per 100 grams of the 
flour used. Digestion with 0.5% pepsin was allowed to proceed for i 
hour and then the same was used for the trypsin hydrolysis as described 
alK)ve . 


Table No. 2 

Milligrams of Nitrogen per 100 grams of the Flour for Superimposed Trypsin 

for / hour 


Name of tbo Flour ^ 

1 

mg. of N. for Pejwin 

mg. of N. for 
Tryjwm 

j Total. N. per cent 

Bajri flour 

217.4 

288.8 

1 9.6 

Van flour 

113.9 

!»).) . 3 

, 

(■ram flour 

372.8 

538.3 

' 20.03 

1 

Blaok'grani flour 

608.1 

512.9 

23.29 
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Tht Gram flour is the most attacked by the superimposed trypsin 
while the Black-gram flour is the least attacked. In the case of the Gram 
flour the diTOrencc in amino nitrogen with the pepsin and the super im- 
PP *® 5-5 nig- of nitrogen while that for Black-gram flour 

the difference is only of 4.8 mg., 1.^., practically negligible. From this 
observation it seems that there is some fundamental difference in the 
nature of the proteins of the two pulses. Since the hydrolysis of the Black- 
gram flour with trypsin is slight it appears that the pepsin digestion has 
gone to such a stage that there is no further scope for the trypsin digestion. 
This is in the agreement with the observation made by Millar and Cal- 
very {loc, cit.). So it may be concluded in the case of Black gram flour 
that the major amount of hydrolysis is due to p)epsin only. While with 
Gram flour the tryptic hydrolysis is considerable. 

In the cereals there is a considerable difference in the degree of hydro- 
lysis by pepsin and trypsin digestion. The difference in the case of Bajri 
being more than that for Vari. Between Bajri and Vari, Bajri is more 
digestible under the influence of the proteolytic enzymes than the Vari 
flour, and between Gram and Black-gram, Black-gram is more digest- 
ible than the Gram flour. 


Summary 

For the proteolytic disintegration two classes of grains were studied. 
The cereals contain comparatively a small percentage of proteins while 
pulse grains contain a high percentage protein. 

(1) In the pulse flours pepsin brings about a large amount of hydro- 
lysis of proteins and comparatively a small portion is left for being at- 
tacked by trypsin ; ])ut in the case of cereal flours there is distinct differ- 
ence between the degiee of hydiolysis by that by pepsin and pepsin 
superimposed by trypsin. 

(2) In the case of cereals it takes a little time to start the hydrolysis 
and therefore the maximum nitrogen is liberated in the second period, 
while in the pulse flours the proteins aie attacked from the very 
beginning. 

(3) The disintegration by pepsin superimposed by trypsin is maximum 
in the case of Gram flour while it is minimum in the case of Black-gram 
flour. 

(4) The values of disintegration for Bajri flour obtained with pepsin 
and pepsin superimposed by trypsin are higher than those of Vari flour. 
Similarly the values of disintegration for the Gram flour are higher than 
those for the Black-gram flour. 

(5) Between Bajri flour and Vari flour, Bajri flour is more digestible 
than Vari flour and between Gram flour and Black-gram, flour Black- 
gram flour is more digestible. 

Department of Biochemistry, 

N. Wadia College, [Received: July ^ 94 ^] 

Poona 



A PRELIMINARY NOTE ON THE PRESERVA- 
TION OF MILK WITH IODINE 

By 

I. D. Shiva Rao and Miss K. K. Taraghand 

V ARIOUS chemical methods of preserving fresh milk have been 
studied and all have been rejected as contrary to the health laws of 
any country. Recent literature, (The Chemical Analysis of Foods 
and Food Products, by Jacobs Morris), mentions also the use of iodine 
compounds as a simple preservative for food stuffs. This idea coupled 
with the fact that the addition of iodine to milk might prove a good 
method of administering iodine to individuals in inland places induced 
us to carry on a few experiments to study the effect of iodine on the stor- 
age of fresh milk as a food stuff. 

In the preliminary stage we used iodine solution in the concentration 
of one gram in loo cc. of one per cent potassium iodide solution, and 
one cubic centimeter was used for lOO cc. of milk. It was noticed that 
4 cc. of the preservative could keep the milk fresh for nearly 275 hours 
at 7"C. 

Next the effect of the preservative on the ferments of the digestive 
tract was studied. The extent of the action of amylase on starch was 
measured by the reduction of the cupric salt to the cuprous state, owing 
to the hydrolysis. 3 grams of amylum was emulsified in 100 cc. of dis- 
tilled water, and to this one tablet of amylase was added, and this served 
as the control sample. In the other cases the volume was made up to 
100 cc. wdth the varying quantities of iodine solution and distilled water. 
The samples wrre kept at 50®C for one hour. After the reaction, the 
solution was concentrated to one third the volume and the sugar esti- 
mated by Fehling’s method. The results are given in the accompany- 
ing table : 


Expt. 

Control 

0.04 gm. of I, 

1 

lO.OOgm. of I. 

0.08 gra. of Ta* 

O.IO gm. of I 2 

I 

O.UV> 

0.152 

0.117 

0.096 

0.07 

II 

0.166 

0.151 

0.099 

0.079 

0.05 

111 • 

0.142 

0.133 

0.124 

0.123 

0.07 
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The simple iodine solution has a slow depressant action on starch 
hydrolysis. 

Peptic and Tryptic Digestion : — In the first case 20 cc. of 4% coagula- 
ted white of an egg in water was brought up to pH 2, with the 
addition of either HCl or NaOH in drops. The flask was then kept 
in a thermostat at 40°C. 0.04 gm. of pepsin, (D.A.B.S., Merck), was 

added and the mixture diluted with 25 cc. of distilled water and the 
required quantity of iodine solution maintained at 40 ""C. For the 
purix)se of estimating the hydrolysis, 5 cc. of the reaction mixture was 
withdrawn and 50 cc. of 95% alcohol was added to stop the reaction, and 
was then titrated with N/25 alcoholic potash. The experiment was re- 
peated also with casein instead of the white of an egg. In the second 
case, that of tryptic digestion, the pH was maintained at 8.5 and 2 cc. 
of a phosphate buffer solution was added. The results of these hydrolytic 
estimations are given below : 


White of pn Egg 


Cas<*in 


Vol. of 1^;, 

1„ HOI. 

Part hydrolysed in cc. 
of N/2r> ulc. KOH 

Vol of l«o 

L, «ol. 

Part hydrolysed in cc. 
of N/2r> koii 

JVptic dig. 

Trvptic dig. 


JVj)tJc dig. 1 

Tryptic dig. 

().() CC. 

0 r>r} cc. 

0.S2 cc. 

0.0 cc. 


2 . 5 cc. 

0.2 cc. 

0.49 cc. 

0.79 cc. 

0.2 cc 

0.825 c‘c. 

1.483 CO. 

0.4 ec. 

0.48 cc. 

0.775 cc. 

0.4 CO. 

0.744 cc. 

1.456 cc. 

(t.O cc. 

0.46 cc. 

0 . T.'j cc 

1 0.6 cc. 

0.738 cc*. 

1.319 oc. 

0.8 cc. 

0.44 cc. 

0 7i5 cc. 

0.8 cc. 

0.702 cc. 

L.311 00 . 

1 .0 cc. 

0.42 cc. 

0 t)> cc. 

1 0 cc. 

0.676 cc. 

1.095 CO 

1.2 cc. 

0.10 cc 

0 ()1 cc. 

1 .2 cc*. 

0.66 cc. 

1.08 cc. 


Effect on the Composition of Milk : — Various estimations of the composition 
of milk, before and after varying additions of the preservative, were done. 
The chief results are given in the table below : 



Control 

1 

With2cc. ol l%l.j 
for 50 oc. of milk 

With 10 cc. of 1% Ij. 
for 50 cc. of milk 

Water 

83.8% 

83. U% j 

83.9% 

Total Solids 

JC.2% 

lO.iVo 1 

10.1% 

Fat 

7.2% 

7 . 1 % 

5.1% 

Ash 

0.7% 

0 . 7 % 

0.7% 

Protein 

3.8% 1 


4.0% 

Lactose 

4..'-.% 1 

3.!>% 

4.8% 


14 
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It is evident that there is no substantial change in the composition of 
milk owing to the addition of the perservative, except that a decrease in 
the fat contents is noted with high concentrations of the iodine solution. 

Effect on the Vitamin Contents : — Tauber’s method of estimating vitamin 
Bi was used (mikrochemie Acta, 3, 108-9, ^ 93 ®)* standard sample 
was the chloride Betaxin (Beyer’s), each tablet containing 0.001 gram 
of the said vitamin. One tablet was dissolved in 100 cc. of distilled water. 
0.2 (T. of this was further diluted to i cc. and was then treated with 0.5 cc. 
of 1% potassium ferrocyanide and i cc. of a fresh solution containing 
30gramsofNaOHand 0.3 gm. of KCNin 100 cc. After shaking vigour- 
ously for about a minute, i .5 cc. of 20 wt. per cent H2SO4 was added 
and then 5 cc. of ferric gum-ghatti solution. This latter was prepared 
by extracting 20 grams of gum-ghatti with water, and adding 5 grams 
of ferric sulphate and 25 cc. of 8^% phosphoric acid in 100 cc. of water. 
This was the control sample. 

In the case of milk, the organic matter was eliminated by oxidation 
with KMnC)4, which was added dropwisc in a one per cent solution 
until the milk acquired a slight pink colour. Then 1.5 cc. of 20 wt. 
p<‘r cent sulphruic acid was added and the curdling was brought about. 
The serum of the milk with the sulphuric acid was then treated as in the 
case of th(‘ control sample. The colour comparison was done in the 
Dubosque ( omparator. The results were as follows : 


(V)iitrol Sarri])le j 

1 With 4 rc 

1 

. i)or cent 

With 10 c 

c. per cent 

Standard 

1 

Milk Sol. 

1 

Standi* rd 

Milk Sol. 

Standard 

Milk Sol. 

8 

11 

10 

j 1.">.8 

8 

ll 


In the (\ise of 4 cc. of the preservative a slight reduction in the vitamin 
value is noted. 


Thus, iodine might serve as a helpful preservative in the case of fresh 
milk. The concentration as suggested by us is a bit too high compared 
v\ith the maximum requirement of 200 micrograms. But it may actu- 
.illy help as a good source of iodine administration in food stuffs, especially 
in inland places. 


St, Xavier’s C.ollege, 
Bombay 
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CORRECTIONS 

Pechmann Condensation of Phenols with Ethyl Y-Phenyl Aceloacetate 

By 


N. G. Kotwani, S. M. Sethna and G. D. Advani 


With reference to the above papei published in this Journal, Vol. X, 
Part 5, March 1942, certain mistakes crept in, which is regretted. The 
following corrections may, therefore, kindly be noted. 


Page 144, line 

do. 145, do. 
do. 145, do. 
do. 145, do. 
do. 146, do. 
do. 146, do. 

do. 146, do. 


12 from the bottom : for ‘2:4-Dimethyl p-benzyl 
cinnamic acid,’ read ‘2:4-Dimethoxy |3-benzyl 
cinnamic acid.’ 

27 from the top: for ‘The acetyl deiivative,’ read 
‘The diacetyl derivative.’ 

30 from the top : for ‘The methyl ether,’ read ‘The 
dimethyl ether.’ 

40 from the top : for ‘The acetyl derivative,’ read 
‘The diacetyl deiivative.’ 

I from the top : for ‘The methyl ether,’ read ‘The 
dimethyl ether.’ 

4 from the top : for ‘2:4:6-Trimethoxy Y-benzyl 
coumarin,’ read ‘2.4:6-Trimcthoxy p-benzyl cin- 
namic acid.’ 

8 from the top : /or ‘a-Naphtha-^-bcnzyl coumarin,’ 
read ‘a.Naphlha-4-bcnzyl-(X.pyrone.’ 



A NOTE ON A CALCAREOUS CONGLO- 
MERATE IN BELGAUM DISTRICT 


By 

K. V. Kelkar and L. V. Agashe 

T his paper contains an account of an interesting calcareous con- 
glomerate found among the superficial deposits occurring in the 
neighbourhood of Murgod in Belgaum District. The geology of 
the tract around Murgod (situated roughly between Longs. 74® 50' 
and 75° 4' cast, and Lats. 15*^ 49' and 15® 58' north) may be described 
briefly as follow’s : — 

The oldest io(ks in the area form a part of the northern extremity of 
the main Dharwar band, and comprise shales, argillites and chloritic 
phyllites. A few epidiorites and haematite-quartzites occur also. Rarely 
thin bands of marble or calc-chlorite schist are found. To the east of 
the Dharwar rocks lies a massive granite-gneiss — a medium grained, 
grey coloured rock composed chiefly of acid plagioclase, microcline, 
quiirtz, and some hornblende and biotite. 

Both, the Dharwar rocks and the gianite-gneiss, are traversed by 
several small sized intiusions of granitic composition, or of pegmatite 
or vein quartz. 

A few dykes of “Newer Doleritc” intersect the rocks previously 
mentioned. They aie composed principally of labradorite and mono- 
clinic pyroxene and accessory iron ore and quartz. The pyroxene is 
as a rule slightK uralitised. 

Rocks of the Lower Kaladgi age occur in the eastern and the north- 
eastern parts. They include mainly quartzites and a few conglomerates 
succeeded by shales and limestones. These form a part of the southern 
edge ol the cential portion of the main Kaladgi Basin. 

Deccan trap is chronologically the next formation. The variety 
found in this tract is dark grey coloured and porphyritic containing 
rather big phenocrysts of glass clear labradorite and rarely a few of 
small sized pyroxene. The aphanitic groundmass contains labradorite 
laths, granular enstatite-augite, accessory iron ore, glass and granules 
of altered olivine. A few* vapour cavities and amyg^es composed of 
zeolites, quartz, calcite, palagonitc, etc., are present. 



CALCAREOUS GONOLOBCERATE IN BELOAUM DISTRICT l6l 

Finally come the superficial deposits like the soils, and several others 
which though varied in character have only a limited distribution and 
thickness. The latter include the well known deposits like kankar, the 
ferruginous material on the surface of the Kaladgi quartzites, the residual 
siliceous fragments covering the limestones and also the peculiar variety 
(calcareous conglomerate) described in this article. 

A calcareous conglomerate is found occurring in close association 
with the Deccan trap or the soil resulting f om it : it can be observed at 
Inchal, Harugop, Chachadi, Tadaslur, Halki and Budikop, and in fact 
at almost all places where Deccan trap occurs. It does not form ex- 
tensive, continuous sheets but occurs in the form of scattered patches 
and small sheets, with a thickness varying between 6 inches and 2 feet. 
It usually occurs a few inches beneath the soil and may also be seen at 
the surface where the soil has been remo\cd by natural or artificial 
causes. 

The rock consists of material varying in size from pebble to sand, set 
in a fine textured or compact calcareous matrix. The piebblcs are 
rounded to subangular and spheroidal, ellipsoidal or irregulai in shape, 
and may attain a size of 3.5 cm. long and 2 ( m. across. The* cemented 
fragments may be of fairly uniform sizes, or they may be a heterogeneous 
aggregate of material of all grades frompebldes to coarse sand. Varieties 
with clastic grains of smaller size also occur and they resemble oolite*s 
and pisolites in appearance. 

The pebbles and other clastic grains are generally calcareous and 
consist of micro-or crypto-crystalline aggregates of calcite ; there is 
usually no nucleus, and neither a concentric nor a radial arrangement 
is present. They occasionally show a rude concentric structure due to 
the presence of iron ore at the core or as a shell forming the marginal 
portion. 

Some of the cemented fragments are non-C'dcareous and consist of 
gravel and sand from the adjacent .soil ; they are generally heavily 
stained with ferruginous matter and look like red or brown jasper. 

In thin sections the pebbles are translucent and red or yellow by 
transmitted light, or opaque and black or red by reflected light. Calcite 
occupies cracii and crevices in the pebbles, and in places it appears to 
have partially replaced the original material. Owing to the heavy 
ferruginous coating the source of the pebbles remains uncertain, but 
many can be recognised as fragments of Deccan trap and a few of the 
phyllitic and schistose rocks, etc., in the neighbourhood. 

A small amount of quartz occurs in all rocks. It forms grains of 
small size only, much smaller than the calcareous fragments, and occurs 
either as inclusions in the calcareous grains or independently. 

A few sand particles composed of haematite, limonite and ilmenitc 
occur in all rocks, either as inclusions in the larger grains or in the 
material composing the matrix. The ores contain traces of manganese. 
Magnetite does not occur. 

The matrix makes up nearly half of the rock and is composed almost 
entirely of calcareous matter, and all gradations between a matrix 
composed of turbid dust like calcite and a thoroughly crystalline fine 
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grained matrix compoied of close fitting, anhedral grains of calcitc, arc 
met with. In some rocks the matrix is thoroughly crystalline and the 
material composing the embedded pebbles is cryptocrystallinc ; in others 
the rcvese is true. 

By rccrystallisation the fine calcareous dust has changed to granular 
calcite, and patches of recrystallised calcite may be seen in the cement 
as well as in the embedded fragments. 

Chemical and microchemical tests show that the calcareous material 
is calcite, and that neither aragonite nor dolomite is present. None of 
the specimens answered the Hceger’s test showing that they arc alto- 
gether free from sideritc. 

The three specimens described below fairly represent the varieties 
found in this area. 

No. I. Locality — o/6 Mile; Halki-Murood Road 

Reddish brovm to dark pebbles, gravels, and sand ; individual grain 
0.2 to 1.4 cm. in diameter ; set in g^ey or brownish grey calcareous 
matrix. 

Microscopic 

The clastic fragments consist of rock debris stained deeply by ferru- 
ginous mattei, chiefly limonite and a little haematite. They are trans- 
lucent to opaquts and yellow to red or deep reddish brown by reflected 
light. The translucent grains are red or brown by transmitted light. 
Cracks and cavities in grains have been filled up by calcitc. 

Some of the clastic grains have evidently been derived from Deccan 
tray> : the'y aie composed of much altered felspai, limomte and black 
opaque ore. The felspar has weathered beyond recognition and has 
been replaced in several places by calcite ; but its lath shaped form 
and the original structure of the basalt have remained in tact. The 
pyroxene has been replaced by haematite and limonite. 

Majority of the grains are either heavily coated or replaced by fer- 
luginous matter, and it is not possible to know their original character. 

A feu irregular grains of quartz are also present ; colourless and 
clear ; 0.25 to 0.5 mm. in diameter. 

The m<iti ix is compiosed of very finely divided calcitc , it has a yellowish 
or browish tint due to ferruginous material. At places it has recrys- 
tallised yielding clear, transparent patches of granular calcite. The 
recrystallisation has taken place especially in portions close to the 
cemented grains. 


No. 2. Locautv — Budikop 

A pale brouTi coloured rock ; gravels rounded or irregular ; varied 
sizes up to 1.6 cm. in diameter. The clastic material is usually grey, 
rarely brown or dark brown. The matrix is pale brown, and stands out 
prominently from the pale coloured clastic material. 
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Microscopic 

Gravels composed generally of irregular aggregates of minute calcite 
granules. Rarely the individual granules have a diameter of 0.0 1 mm.; 
usually they are much finer. Quartz and iron ore occasionally occur 
as inclusions. There is no regularity in the arrangement of the com- 
ponent granules ; no nucleus, or radial or concentric arrangement is 
visible. 

The rock contains a few fragments derived from some micaceous 
phyllite. They are usually stained by limonite ; but minute sericite 
wisps and quartz granules can be easily recognised. The structure of 
the original rock has been retained and the components show a distinct 
parallel grouping. 

Several small sized, irregular or rounded grains of quartz and a few 
granules of iron ore occur. 

The matrix is made up entirely of very finely divided calcite and is 
tinted yellowish bnm’ii. In places it has recryslallised yielding patches 
of coarse calcite granules. Some of the clastic grains and portions of 
the matrix have been stained yellow or reddish brown by limonite. 

No. 3. Locality — Tadaslur 

Rounded to subaiigulai iiagments of various sizes up to i cm. in 
diameter, embedded in a copious, fine textured, calcareous matrix. 
The cemented fragments are pink 01 pale to dark brown and tludr 
marginal portions have a det'per colour. The matrix is much paler 
than the embedded grains and yellowish grey. 

Microscopic 

The clastic grains hav(‘ rounded or oval outlines. Many of them 
are composed chiefly of turbid calcareous dust and very fine ('alcite 
granules. In the majority of llu* fiagments there *s neither a nucleus nor 
a concentric or radial arrangement. A few' have a nucleus or a large 
central patch of black iron ore. The ore also forms irn^gular patches 
within the spherical bodies. Dust like or granular ore is also enclosed 
by some grains and in places they form arborescent patterns. Minute 
quartz grains also occur as inclusions. The clastic grains are often 
tinted uniformly and in some cases the marginal portions have a deeper 
tint of yellow or brow'n limonite. The distribution of ferruginous 
matter gives a concentric structure to some of the pebbles. 

The quartz grains are much smaller in size, up to 0.6 mm. across. 
They are clear and unstained. A few granules of opaque ore also occur 
as clastic grains ; some of them have changed into white leucoxene. 

The matrix is much clearer, almost colourless, and composed of 
calcite which is much coarser than that of the clastic fragments and 
forms a mosaic of irregularly bounded close fitting grains. 

Origin 

The formation of the rock under consideration and of the other 
superficial deposits in this tract is determined or strongly influenced by 
the climate of the area. The climate may be summed up as a rainy 
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season with a small amount of rainfall followed by a long dry season. 
Owing to the warmth or high temperature that prevails throughout 
the year, the water soaking into the rocks is fairly corrosive, and dis- 
solves some components of the rocks through which it percolates. As 
the rainy season is followed by a long dry season, the ground water 
saturated with various salts is brought up to the surface by capillarity 
during the dessication period, and the material brought in solution is 
deposited at the surface or just beneath the soil as the water evaporates. 
The kankar in the trappean soil and the ferruginous material covering 
the Kaladgi quartzites have been formed in this manner. The materials 
brought to the surface may also cause metasoma tic replacement of the 
superficial rocks ; as examples of such a process in this area may be 
cited the replacement of the sand-stone near Yerzarvi by haematite and 
the silicification of the shales near Budikop. The formation of the 
rock under consideration is due essentially to the same processes. 

The rock apparently resembles oolites and pisolites which are formed 
by one of the following processes : — 

1. Bv precipitation in shallow water when water saturated with 
calcium carlx)nate is in a state of gentle agitation, 

2. In hot springs by deposition around grains which are buoyed up 
by the water. 

3. Oolite-like rocks of mechanical origin : due to the accumulation 
of the pebbles of an older limestone. These are calcareous conglo- 
merates and not true oolites or pisolites. 

4. Oolitic structure also results when an emulsion crystallises, and 
some oolitic rocks may have originated in this way. 

The mode of occurrence of the rock under consideration and the 
general geological history of the area rule out the possibility of the rock 
being either a lake or a spring deposit. The fiist thice categories are 
thus eliminated. 

The forms of the “pisolitic” grains and their internal structure show 
that lh(‘ process summed up in the fourth category cannot account for 
tlie formation of this rock. The rounded bodies do not possess spheruli- 
tic structure of true CK)lites. They lack either a concentric or a radial 
stru(tur(‘, especially when they .ire made up ofcalcite alone. (Partial 
rc'plac ennmt of the marginal portion of a pel)ble by calcite or coloration 
of the m.irginal portion by limonite may produce an apparently con- 
centric arrangement). Moreover the shape of the pebbles is not always 
spherical but many have the form of subangular pebbles of detrital 
origin. 

The source of the calcium carbonate is obviously the lime-plagioclase 
from thc‘ Deccan basalt, which could supply abundant lime to the ground 
water ; and there is little doubt that the ascent of groundwater solutions 
to the surface by capillarity has been mainly responsible for accumulating 
the calcium carbonate near the surface. The formation of the rock is 
due to the .iction of calcium carbonate thus brought to the surface on a 
soil containing coarse sand and pebbles — at least a portion of the latter 
Ix'ing detrital. The action of the carbonate has lx*en two-fold : i. Mere 
cementation, <hat is, deposition between the loose pebbles and formation 
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oTr ooDglomerate with a calcareous matrix ; and 2. Partial or complete 
replacement of the original pebbles in addition to the first process. 
Stated briefly, the rock has resulted by the cementation and metasoma tic 
replacement of gravels in a trappean soil by calcareous solutions brought 
up to the surface by capillarity. The rock occurs mainly in the Deccan 
trap soil or close to it. Initially the soil contained pebbles and gravels 
derived mainly from the underlying Deccan trap and also a few washed 
from the adjacent Dharwarian phyllites and Kaladgi quartzites. Such 
fragments have subsequently been cemented and more or less replaced 
by calcite. Of the recognisable fragments the majority are derived 
fiom the Deccan basalt and a few from Dharwarian and Kaladgi rocks. 
Along with varieties that are almost entirely calcareous there also occur 
rocks containing a number of pebbles of non-calcareous material, such 
as fragments of basalt, phylliie etc. ; and all gradations between a con- 
glomerate consisting of non-calcereous pe])bles with calcareous cement 
and a calcareous conglomerate with calcareous pebbles and matrix 
are found. 


Explanation of Plate I 
Photomicrographs 

Fig. A. Specimen No. 1. Ordinary light, x 15. 

The larger dark portions are the stained clastic grams ; thc' clear portions in thora 
aie oraoks and cavities filled with calcite. 

The rest of the portion is calcareous matrix ; the clear portions in it aro patches of 
dear reoryBtallised calcito. 

Fig. B. Specimen No. 1. Ordinary light, x 62. 

A clastic grain derived from Deooan basalt showing weathered felsxiar laths, etc. 

Fig. C. Specimen No. 2. Ordinary light, x 16. 

Elongated grain at the centre derived from a phj llitc. The larger grey patches are 
dastio grains replaced by calcite. The remaining matei.al is ealcareous matrix in 
which clear granules of quartz are seen. 

Fig. D. A specimen from Halki. Ordinary light, ^15. 

Iron coated clastic grams— black. Other clastic grams — darkorgn*v. Portions of 
daatic grains replaced by calcite — light. The clear matii\ comxioscd of calcito. 

Explanation of Plate II 
Photograph 

Fig. £. Natural size, showing sonic hand 


Ferousson Coliege, 
Poona 


[Received : July 21, J^/2] 
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TEMPERATURE DETERMINATIONS IN 
THEORY AND IN PRACTICE 

By 

N. R. Tawde and H. a. Unvala, 

Physics Laboratories, Royal Institute of Science, Bombay 

O UR first conceptions of temperature are based on the physiological 
effect of heat. The sensations we feel when touching various 
objects give rise to such expressions as “hot/' “lukewarm,” “cold,” 
etc. Wc also learn early that this peculiar property of a body is trans- 
mitted readily to other bodies in the vicinity and som»*times, even to 
those at a considerable distance. In a roundabout way, we realise 
that bodies placed together become equally hot or equally cold, which 
is the same thing as saying scientifically that they attain the same 
temperature. In fact, this is the basis of the vai lous Contact Methods of 
measuring temperature. 

However, our own sensations cannot be used to indicate or measure 
temperature to any great accuracy, a** these are moie or less qualitative, 
and depend upon previous experience. The well-known experiment 
of the three glasses of water, hot, cold and cool, has been so often cited 
in this connection that it need not be elaborated again here. In any 
case some objective means are necessary for the measurement of tem- 
peratures and the various methods that have been evolved to this end 
are briefly surveyed in this article. 

The importance of accurate measurements of temperature cannot 
lx* stress'd too much. In every branch of science and industry, nay 
even in every day life, temperature is of paramount importance for the 
simple reason that every process and reaction, phvsical, chemical or 
biological is affected by it to some extent or the other. This is most 
clearly evident in the mass production methods of modern industry in 
w'hich rigid lemperaluie control has to be maintained at eve^ step of 
the manufacturing process to assure uniformity of the finished products. 
Actually some of the latest industries, such as those of plastics, were 
made possible only by the great improvements made in temperature 
measuring and controlling apparatus during compaiatively recent times# 

Wc are quite familiar with the reactions of our own body to changes 
in ambient temperature and find that in spite of its wonderful capacity 
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for adjustment to large changes of such a nature, the body is able to 
work most efficiently only in a certain narrow range of tempeiatures. 
This has led to the development of air-conditioning, which depends for 
its efficient functioning on recently developed temperature controlling 
mechanisms. 

Temp)erature control is equally important in the preparation of medi- 
cines and of various vaccines and serums, which cannot be produced 
to the required rigorous specifications without rigid control of tempcia- 
turc at every stage of the preparation. 

To the physicist, chemist and technologist, the importance of accurate 
measurement and control of temperature is quite evident. To the 
astronomer and geologist, though control is impossible, mcasuiement 
provides clues to various important problems such as the age of the stais 
and the earth. 

In view of this great importance of temperature measurement, we give 
below in a classified form the various existing methods of measurement, 
our aim being to provide a comprehensive survey to those unfamiliar 
with the subject as a whole or as a part. Manifestly, it is impossible for 
a single person to be completely familiar with all the methods, and the 
most one can hope for is specialisation in a particular branch, but a 
general understanding of the whole subject is a preliminary requisite foi 
a specialist and also helpful to others. Every attempt has Ireen made to 
make the review as complete as possible, but in view of the enormous 
s(’ope of the subject, it is likely that some methods might liase escaped 
observation. 

The various methods may be divided into two main classes, the covtact 
and the non-contact, according as the testing body is, or is jiol placed in 
contact with the body under measurement. 

I. Contact Methods : — In these the exchange of heat continues be- 
tween the test body and the hot body, placed in <‘ontact with one .inothei , 
till both attain the same temperature, which is indicated by one of its 
effects on the test body. These are as follow^s : 

Class A, Thermal Expansion : — (i) of solids, (ii) of liquids, (iii) ot 
gases. 

In (i), we have the solid rod thcTinometcrs, metal coil thermom<Mris 
and Irimetallic strip, all expanding due to the heat on the familiar 
principle “heat expands and cold contracts,” the expansion being mea- 
sured by sensitive length-measuring methods or actuating an indicator 
over a graduated dial by suitable mechanical means. J he familiar dial 
thermometers are of the latter type. This type is not susceptible to 
great accuracy. 

(ii) As the expansion of liquids is not possible without some sort of 
containing vessel, this type divides into two sub-types, according as the 
liquid is in glass or in metal. The liquid-in-glass type is the one to whic h 
we are most familiar, the liquid being either mercury or coloured alcohol. 
Of this again there arc different types such as the maximum and minimum 
thermometer, the clinical thermometer and Beckmann’s thermorneiei . 
The last-mentioned is one of the most accurate measui ing dev ices for 
small temperature variations. 
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(iii) Here the main sub-types are the constant |>ressure and constant 
volume gas thermometers. The closeness with which the so-called per- 
manent gases obey the perfect gas law, makes this type particularly suit- 
a blc for accurate measurements of temperature over a very wide range. The 
International Temperature Scale (I.T.S.) has been standardised by deter- 
mining the location of a number of fixed points, such as the boiling points 
of oxygen and sulphur and the melting points of silver and gold under 
standard conditions on the Absolute Thermodynamic or Kelvin Scale, 
relative to the ice point, by means of gas thermometers. However, these 
are not very convenient in use and serve mainly as laboratory standards. 

The expansion of a gas causes also a change in its density, which can be 
m^^asured accurately by various methods, thus indirectly measuring the 
teniperalure. Change in density causes a change in refractive index 
which is measured by the displacement of the fringes in an interferometer 
pattern.^ This method has been applied to the study of heat distribution 
in the neighl)ourhood of hot bodies, such as water-pipes and cylinders. 
The change in density has also been measured by X-Ray absorption,^ 
alpha particle absorption** and electron absorption.* As the velocity 
of sound depends upon the gas density, the measurement of the velocity 
also provides a method of determining temperature.'^ 

B. Thermo-electric Effect : — Methods utilising this effect are most 
widely used for determining high temperatures such as are encountered 
in industrial furnaces, and h«ive been developed to a great degree of ac- 
curacy in this connection. These are sulnlivided into two classes, ac- 
cording as the metals used for the junctions are rare or base metals. 
Thermocouples of rare metals are not so readily affected by the outside 
conditions and serve as good standards. However, in the extreme fur- 
nace conditions, depreciation does occur and base metal couples an* 
also used, due to the cheapness with which they can l>e replac' d. The 
thermocouples c'an be made so small in si;;e as to be suitable for measure- 
ments of surface temperatures, and have l>een thus used in measuring skin 
temix'ratures of various «itiimals and of the human ])ody by physicians. 

Class C. Chant^e in Electrical Resistance : — ^This proptntv is made use of 
in the nsistance thermometers in which the change of resistance is most 
generally measuied l>y highly improved forms of the Wheatstone network. 
For platinum, the relation ix'tvveen the tempeiature and resistance is a 
\eiy regular one, and so this is the material almost univ(‘rsally used in 
resisiatue tliermometers, consideiable accuracy Ixdng attainable. An- 
othei form of thermometer utilising this piopcnnv is the electrolytic thei- 
momt lei used in Radiosondes/* which are liyht instruments, sent aloft 
by a li ec balloon and transmitting radio signals which can be interpreted 
in teims of the pressure, temjX'rature and humidity of the upper aii. 
'The thermometer consists of a fine capillaiy, containing the electrolyte, 
the resistance of which varu‘s much with changes of tem|X‘rature. This 
resistance controls the frequency of modulation of the special audio- 
oscillat(»r and the signals of this frequency received at the ground can 
Ik‘ converted to the appropriate temperature values. 

Class D, Change in Magnetic Susceptibility : — ^Tliis method^ is u.sed for 
the measurement of the extremely low temperatures (Ixdow i®K) ob- 
tained by tnagnelic ccxiling methods. When paramagnetic salts, previ- 
ously cooled, are sul)jccted to intense magnetic fields, their temperature 
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drops very much reaching within a fraction of a degree of the Absolute 
Zero (o® K or -273®C) of temperature. At the same time, the magnetic 
susceptibility changes rapidly, and, on being measured provides a method 
of measuring the temperatiure. 

Class E. Change of State of Test Body : — Substances of fixed melting and 
))oiling points provide us with a discontinuous but accurate scale of tem- 
perature. Thus, the International Temperature Scale, as mentioned 
earlier, is based on a certain number of such points. In measui ing furn- 
ace temperature, rings of different metallic alloys with graded melting 
points are used. The pyrometric cones,® extensively used in the cera- 
mic industry, are slender pyramids of a mixture of minerals similar to the 
composition of ceramic bodies and with graded melting points at ap- 
proximately 20°C intervals. These are fired in furnaces along with th(‘ 
ceramic ware and their deformation is an indication of the ware having 
]>een fired sufficiently for maturity. The various strata of the earth’s 
crust are also, to an extent, thermometers of this type as the phase changes 
of the minerals enable the geologist to determine the various tempci a lures 
undergone by the constituents. 

Cla^s F. Calorimeter Pyrometers : — In these the test body has a large heat 
capacity and the change in its heat content on immersion of the body 
under measurement, enables a calculation of its temperature to be made. 

Class G, Special Methods Designed to Obtain Temperature Equilibrium 
Between Hot Body and Test Body : — These are mainly applied in gas tem- 
perature measurements because the test body receives heat not onlv 
by convection from the gas but also by radiation from the walls of the 
containing chamber. If these walls are at a temperature diffeienl from 
that of the gas, the true temperature will not be indicated. In the Suction 
Pyrometer of High Velocity Thermocouple*^ the hot gas is aspirated at 
high velocity past the thermocouple, thus establishing temperature equili- 
brium between it and the gas. In the Heated Plate method***, a phic 
or wire of platinum in the gas is supplied extra at electrically. If the 
platinum is colder than the gas flame, soot will form on it; if hotter, it will 
not. The temperature at which soot just forms gives the tiue gas tem- 
perature. This is essentially a laboratory method. The Heated Wire 
and Vacuum Calibration*^ methods make use of the fact that undei 
steady conditions, a heated wire in a gas or in a vacuum loses or gains 
heat by radiation and by conduction to supports, and only when its tem- 
perature is different from that of the gas, also by convection to the gas. 
Thus for a wire in a gas at the same temperature, the heat loss or gain 
conditions are identical to those in vacuum, and so the point at which 
the current and the temperature are the same for both the wires is the 
true gas temperature. 

2 . Non-Contact Methods : — In these, the test body is placed at a 
distance from the body under measurement and consists of some form of 
radiometer. These are generally useful for determining surface tem- 
perature of liquids and solids and indirectly for the temperature of a gas 
by means of a body placed inside it, arid are the only methods of tem- 
perature measurement useful to the astronomer. 

Class A, Black Body Radiation Measurements : — ^Radiation from hollow 
bodies confirm to blackbody conditions or the existing surfaces inside 
furnaces, etc., can be taken as near approximations, in certain cases. 
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(i) Total Intensity Radiometers^^ : — ^Thcsc make use of the Stefan-^ 
Boltzmann law . The radiometer consists of a thcrmojunction, a bimetal- 
lic strip or a resistance thermometer, and measures the total energy in 
the spectrum emitted by the blackbody. A well-known type is the Fery 
radiation pyrometer. 

{it/ Optical Pyrometer : — In these, the energy emitted in a particular 
jiortion of the spectrum is measured by matching the brightness m that 
poition with the brightness of a filament in which the cunent is varied 
oi of a fu‘ld which is gradually dimmed by optical wedges or polarising 
me hob 

{uij Phoioehctric Pyrometers^^ • — The incident eneigv is measured b\ 
photot le( trie dev ices such as photoelectnc tubes and rectifier-tvpe cells. 
H()\ve\ti, as these are selective in spectral response, they have to be 
calibrated hist to dcteimine the non-unifoim way in which the response 
vanes with the temperatuie. 

Cl(i\s B Grey Body Temperature Measurements — A grey body is one in 
whi(h tlw spectial intensity distribution is lelatively the same as that 
oi a blackbodv. In Colour Pyrometers, the intensities emitted at two 
difliKiit wa\< lengths aie compaied and the tcmpeiatuie obtained by 
solving llu simultaneous Planck’s oi Wien’s equations 

(4 1 liittomcalh Exnted Radiation /torn Solids and Gases — As the 

inUnsiiKs and intensity-distributions in spedia are dependent on the 
temipr latine e)i the emitteis, the deteimina lions of these give clues to the 
t( inpe latUK In the Line Reversal method, the brightness of the line is 
me asm eel bv matching it with the known biightness at the same wave- 
length in a hhukbody spe^ctiurn If the tempeiatuie of the blaekbodv 
is low the Inu appc'ais biightei bv compaiison, if the tempeiatuie is 
highe 1 the line appeMis daik, the tempeiatuie of the lilac klioely at which 
this leveisil takers place and the line becomes inviiilile is called the le- 
vels il t( m|)e liituie, and if the line ladiation is of a theimal chaiactci 
this IS aho the tempeiatuie of the hne-timtling souiee 

I he measuiemeiit of ink nsUy-distiibution in the lotational 01 vib- 
lation il l< \e Is ol band spec tia is also an impoitant means of de tenmiiiiiig 
th(‘ t( m|>( latme ol souiees emitting such ladiation Ihe itlalue inteu- 
sitK s m llu s[)e c tium aie dependent upon the. tcm|jeiatuie and this lela- 
tion enables the tenn>eiatuics of the sources to be detcmiiiied^ horn 
leLuive intensity measurements 

Ftolu Mtilind — The very high elcctionic temperatures in the inteiioi 
of gaseous discharge arc estimated by the method of piobe mtasure- 
menis I he piobe consists of a small electrode extending into the dis- 
chaigc' and the temperature is calculated from the cm rent- voltage re- 
lation of the probe. 

It would Ik* Intel csting to quote here the limits of temperature known 
to Sc lencc '1 he lowest temperature theoreticallv is the absolute zero 
of the Kelvin scale or approximately — 273^0 or 0 °K. By methods of 
magnetic ccxilmg, o ooi°K has been reached in the laboratories of the 
Universiiv of Leyden, Holland. The highest temperature generally 
used for heating purposes in laboratories and industrial furnaces is 
soraew'here ^ibove 3000®C. The highest temperature attained so far 
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cm the earth is about io,ooo®C, the temperature inside a lo-ampere 
arc under a pressure of i,ooo atmospheres. Temperatures far above 
^icsc are to be found in the starry heavens — the cosmic laboratory of the 
universe. The surface temperatures of the type 05 stars are as high as 
8o,ooo^G, whereas within their interiors the temperatures arc still higher. 
It has been calculated that in the interior of a sub-dwarf star the temper- 
ature is above 50,ooo,ooo°G. 

These are the principal methods adopted in determinations of tem- 
perature. Some of these can only remain in tlie laboratory stage, but 
most have been already developed for industrial use. With the progress 
of research, it is quite likely that new methods hitherto unknow^n may be 
found and adopted for practical purposes, for general or particular use. 
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SCIENCE NOTES 

On the Corrections of the Compound Pendnlnm 

B. N. Biswas 


Rajaram College^ Kolhapur 


T he relation between the modified time period of a comjwund pen- 
dulum and its amplitude which is supposed to be a small finite quantity 
has been deduced here by the method of successive approximation, 
and a formula has also been evolved connecting the computed time of the 
pendulum and all the four corrections. 


Before solving the main problem directly it is advantageous to solve 
the differential equation, 

=Acos/it .. .. •• (i) 

representing the forced oscillation of a body. 

The solution consists of two parts of which one is obtained by putting 

e . 

-j^f?20^oand is known as the complementary function and the 
other known as the particular solution which satisfies (i) completely. 
The most general solution of the equation 
6 

+«2 0 =o is 6=^ A. cos ni f B. sin «t . . . . . (2) 


where A and B are tw'o arbitrary constants w'hich can be evaluated in 
terms of initial displacement and initial velocity. 

If 0 p and Oq denote the initial displacement and initial velocity 
respectively, equation (2) can be written in the following form : 

0 = ” sin lit + 0o cos «t . . . . . . . . (3) 

ft 

Equation (5) may now be employed to obtain the solution of the com- 
plete equation (i). 
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From (3) it is clear that the effect at time t due to imparting a velocity 
^e at time t' is. 


6 = — sin n (t-t') 

n ' ’ 


•• (4) 


The effect of the term A. cos pt is to produce a velocity 
=A. cos/»t'. dt' at time t', whose effect at time t will be, 

r. A, cos px! dt' . , 

6 = . sm n (t— t') 

If the term be operative for the whole of the time, from t'=o to t'=t, 
the value of 6 at time t is given by, 

t 

A / 

® = — y sin u (t— t'). cos jftt'. dt' . •• (5) 


= [sin {t' {p-n) + nt\ + sin {t' (-p-n) + ntjjdt' 

o 

_ A [ cos jt' (p-n) -f«t} , cos jt' (-p-n) - f wt }]t 
2n [ P — « p+n jo 

= •• •• ( 6 ) 

From (6) it is obvious that 0 and 6 are each equal to zero at time t=o 
and the complete solution of equation (i) is. 


0 s= sin nt + 




COS lit • 


where 0 and 0 denote the velocity and displacement at lime t =o. 

The solution of the equation of the type 
/72 ft 

^ + w2 0 = Ai cos pi^i + A 2 . cos 2 /^t . . . • • (8) 

can also be found by pursuing the method illustrated above in the man- 
ner suggested below. 

The equation is broken into the following parts and the solution of 
each part is obtained separately. The complete solution is the sum of 
all these individual solutions. 

Thus the solution of 


+ »20 = Aa COS is cos p^x - ~l- cos «t 


n*-Pa^ 
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Hence the complete solution of (8) is. 


= sin nt -i- ( e„- 

n \ ” -Pi / 


COS nt 


+ ^ cos />it + 

Amplitude correction. 

Equation of motion of the pendulum is, 

, ... /. fis \ 




mgl. sin 0 = — mgl ^Q— 6 be small. 


(.-•9 


I .9^ n .9^ ^in> 

^ “/;2+ia 6' ^ 

where m denotes the mass of the pendulum, k, the radius of gyration about 
a parallel axis thiough its centre of gravity, 1, the distance of its centre 
of gia\ity from the point of suspension and g, the acceleration due to 
gravity. 

Let us assume that an approxim«ate solution is 0 =A cos mt (i i) 

with si suitable value loi m which is slightly different from ^ 

For, It is evident hefoidiand that the peiiod, c on espondirig to the 
equation j <>• i'* slightly modified in view of the fact 

di^ k"" -\ 1“ 


that the acnleiation coriesponding to 0 is slightlv different fioni 

, ‘iod thiit it has got the same value at the same position on the 

othci side of the ecitiihlMium position. 

On siihstttiiting the \alue of 0 ‘i' given by (ii) in the light side of 
(to) tve get, 

d '^0 , glQ __ gl A®cos®»ii ^ 

df^ + *2+12 6 ^ ' 

„ ^ cos3»a+3.cos mi , . 

cos® mt— ! - tio'i 


From (la) and (13) we get, 

, .9^0 glA^ r o # I o *1 

7P + -v‘ +i‘ = 2r(t= +fi) t™' 3 •» ' + s <1 

3^1 A® cos mi gf?A®co83mi 

^ 2i{k^+t^y 
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On putting n2 = in (14), it becomes, 

<?®6 A ®«® 

= J COS mt -j ^ . cos 3 mt .. .. (15) 

The solution of (15) in view of (9) is, 

0 = J cos mt H — - (16) 

® 24 n*-2~9 m- ^ ' 

The solution consists of two teims, the first of which is equal to A. 
cos mt in view of (i i) while the second is the correction term to be added 
to A cos mt to get a nearer solution. 

Hence A = I 


or m~ — n 3 —In^Ai 


Modified pciiod = 




n [ ^16 J 


:2^ 

V I 




«is A is small 


. . .. (17) 


on pulling the value of n. 

Relation between the computed time of the pendulum and 
all the four corrections taken together 

Ti^time period of the pendulum roiiesponding to infinitely small 
amplitude in the elect position. 

T 2 =time j>criod of the same in the inverted position. 

11 ^distance of the C G. of the pendulum from the knife-edge in the erect 

position. 

12 = distance of the C.G. of the pendulum in the inverted position from 

the second knife-edge. 

Let us put 

T2 / T2 7 

‘ <■*' 

where T is defined to be the computed time of the pendulum. 

BESSEL’S equation for determining “g”. 

9_rnz 9_ /Tj* t 7 I I 


fXf. 
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Equation (19) has been derived on the assumptions that amplitude 
of the pendulum is vanishingly small, that it oscillates in vacuum, that 
the knife-edges arc perfectly sharp and that the point of support is abso- 
lutely at rest throughout the motion. As these assumptions arc only 
approximately true, corrections arc necessary. There arc four correc- 
tions corresponding to four sources of error as given below ; 


I. Amplitude correction. 




=/i +I2 • • • • (20), from (17) and (19) 

where Ti and T2 denote the observed time periods and and the 
corresponding amplitudes in the erect and inverted position respectively, 
it being supposed that other three sources of error are absent here. 

2. Correction for buoyancy and inertia of air. 


Instead of oscillating in vacuum, if the p>endulum vibrates in air 
Bessel’s equation for after taking into account this source of error 
is written in the following form : 


a T2^ 

47U^ 

/.+ 


ff J ^'1 • 'Ta* ^3 1 

471* ( i 

m'L ^ I *1 

m /1-/2 


(21) 


where m* mass of air displaced by the pendulum ; 
w — mass of the pendulum ; 

I'l*- increase in the moment of inertia of the iDcndulum in the erect 
position due to air carried along with it ; 


12 — same in the inverted position ; 

Si distance of the centre of figure from the proint of suspension ; 

^2 = same from the centre of oscillation ; 

h h 

—length of equivalent simple pendulum, other three sources being 
assumed to be absent. 


3. Knife-edge correction. 


jf T2 

47t» 


471^ 


{ 


{r . 

— 


Tl1.i7-Tl.J2. 

-r,) .. .. 


} 


1 


(22) (Bessels’ formula). 
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ri=! radius of curvature of the cylindrical surface of the first knife«edge 
(erect position). 

sssame of the second knife-edge (inverted position). 

4. Correction due to the yielding of the point of support. 

where << —horizontal displacement of the point of support per unit 
force. 

It will be shewn now that if all the sources of error are simultaneously 
present, the resultant correction is the sum of the individual corrections 
mentioned above. 

Equation of motion of the pendulum, taking into consideration the 
finiteness of the amplitude, which is small, buoyancy and inertia of air 
and curvature of the knife-edge is. 


(I +<) = - ( m y Q+T)-m’g (»+r) | ('o- M 

where m, m', r and i have their usual meanings, m\ r and i arc supposed 
to be small, 


1= m (A: 2 +? 3 ) 

(* 5 ) 

On putting - J 

(l+t) 1 

(i+r)— OT'(s+r)| 

(a6) 

in (24) we get. 



dH , 


(27) 

T =time period — ?? / 
s/k \ 


(28) 

where a is the amplitude in view of (17). 


From (26) and (28) we get. 


47 t 2 ^ V, i6 

m{h--\ V^) \-i 
) ~ m(/-fr) — m'(.s-j-r) 

l-\ r-;;;'(s+r) 

_ ~ f 2 ! 

l+r V 

m' (s+r)\ 

) approx. 

m {l+r)/ 



k- +Z2 k^ s+r , i 

1 + ^ * ^ 


approx. 
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approximately, neglecting terms of the order m'. r. 

The effect of the yielding of the point of support is equivalent to in- 
creasing the length by 8, where 


- t.mqt* 

Its effect on S. upto a first approximation can be neglected. 
From (29) we get, 


(30) 



- l\-h ~~ (iTh)^ (/+8)* m 


.k’+i‘+m /, _ 28 \ ^ 6 

8 j qj. f I w! s 

= 1 7“~- 


_^*+/2+2/8 


A:®+/2+2/8 


% 

ml 


nogleciing second order terms. 


(30 


Let T 1 and T 2 denote the nearly equal time periods in the erect and 
inverted positions respectively. 

From (31) we have, 






*1 m m 


(32) 
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+ 2 i.k ~ 

“ 5 ~'^ + T^^«+m 

A:*=square of the radius of gyration about the parallel axis through the 
C.G. of the pendulum. 

= (34) 

5 i =/7^ (35) 

^ •< .mgl„ 

06) 

From (35) and (36) we get, 

I1Z2 =hZi (37) 

(81^1 —82 h )= < .mff (4 —k ) (38) 

Equations (32) to (38) lead to the following result, 

t / 

, , /i -I -/2 , V , mWi +/„ ^ 

+/2 + -n )-| 

i'l — 7*2 

m(/i -/ J 

=4 +k + t •mg+ —ri ) 

, m' L , „ \ , ti — *2 

-f- ~ , — • (^1 S2 J - .j , . (39) 

m /i*— /2 rn{lj—l2 ) 

=/i+/.. + sum of the four individual corrections, thus involving all 
the four corrections. 
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Anto-counter for Fills and Draws of Reaction 
Vessels and Anto-controller for Distillates 


By 

Ganapati Narayan Gokhale 

A. AUTO-COUNTER FOR FILLS AND DRAWS OF 
REACTION VESSELS 

T his in?trumcnt gives a better control and increased efficiency ir» 
factories using dosing de\’ices, settling tanks, chemical reaction, 
vessels, etc., where the operations of filling and emptying are very 
frequent. 
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DESCaMPTION OF THE InSTRUBIENT 



Fig, 2 — Section Through A A' 
of Figure 1 


/. General 

A sectional view of the apparatus in 
plane with the dial is shown in figure i. 
K is a counting mechanism with a dial 
and a p)ointcr P. L is the lever arm. 
M is the float with brass collars. N is the 
stand for supporting the float. O is the 
reaction vessel which is filled and emptied 
frequently. 

2. Counting Mechanism 

(a) Refer figure 2 : Two flat iron bars 
C and C4', I inch thick, support the mech- 
anism. At a suitable height there are 
two holes O and O', through which an 
axle X passes. To the front bar C are 
fixed seats S and S' on which a dial B is 
screwed up. Required number of marks 
a^e painted on the dial. In front of the 
dial, on the end of the axle, is fixed a 
pointer A. The dial and the pointer are 
made of galvanised iron sheets 1/16 inch 
thick. Inside the supporting bars C and 
C', one on each sMe and just touching 
them come two lever arms L and L', 

I -inch thick, resting and freely able to 
move on the axle X. The other ends of 
the lever arms go towards the float. The 
lever arms are i-inch broad and of a 
suitable length. Between the lever arms 
comes the cog-wheel E fixed firmly on 
the axle with a pin. 

(b) Refer figure 3 : The cog-wheel 
has as many teeth as the number of counts 
desired on the mcachanism. On one of 
the supporting bars O is fixed a seat to 
which are attached a pin D, a slop C and 
a spring B. This pin allovv's the cog-wheel 
to rotate only in one direction. C', D' 
and B' are stop, pin and spring fixed on 
the lever arm L. 


15 (*) 
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3. Float Mechanism 

Refer figure 1 : The float F should be made of glass, iron, copper, 
aluminium, etc., depending upon the reactivity of the liquid in which 
it is desired to be used. While floating, portion of the float dipping 
l^low the surface of the liquid should not exceed half its height. See 
line F'. A hollow rod, half an inch in diameter, of any suitable metal, 
is screwed on the mouth of the float. In order to hold the float vertical, 
to an iron stand N fixed firmly, are attached 2 flat iron bars B and B' 
hori^ntally at suitable distances, at each end of the bar is kept a hole 
H H', through which the float arm R can ju‘«t pass smoothly. Between 
the bars B and B', on to the float arm R are fixed brass collars C and C'. 
The position of the brass collars G and G' can be adjusted by means of 
screws. The outer diameter of the brass collars G and G' is kept bigger 
than the diameter of the holes H and H'. Between the 2 lever arms 
shown by L, is a brass ring H"', firmly fixed on the ends, which can pass 
smoothly on the float arm R. 


L 


Fig. 3~-Soction in Plane with the Cogwheel 
Working 

Rcfcr fi^e I ; As the reaction vessel is filled, the float F resting on the 
brass collar C , is gradually lifted. The brass collar C' then touches H' and 
lifts the end of the lever arm L.till the upper brass collar Ctouche Hs. 
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Refer figure 3 : The pin D' which is attached to the lever arm L, 
pushes the cog-wheel up. This makes the pointer to move by one 
division. During the process of emptying the vessel, the float moves 
down, till its motion is stopped by the lower brass collar. The pin D' 
attached to the lever arm L slides over the tooth of the cog-wheel, while 
the pin D fixed upon the supporting stand O holds the cog-wheel in 
position. The angle through which the lever should move can be con- 
trolled by adjusting the position of the brass collars C and C' (figure i). 
The angle should be so arranged that at each fill, the cog-w’heel will be 
turned up by one tooth, which will be indicated by the pointer P (figure i), 
on the dial. 

B. AUTO-CONTROLLER FOR DISTILLATES 

T he device invented is of use for collecting definite quantities of 
distillates in places where gas is used for heating purposes. It is 
easy to assemble either with glass or metal tubing at a negligible 
cost. It saves labour, gas and distillates. 



Description op the Apparatus 

Arrange the apparatus as shown in the figure. The tubing used 
should have an internal diameter of about 3/16 inch. A, B, C and D 
are small rubber joints of pressure tubing. Keep funnel tube X and 
vent tube Y more than double the length of pressure in inches of water, 
at which gas is supplied to the burners. I^ep the funnel below the 
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distillate in such a way that the drops will fall on its sides. The lower 
end of the vent tube should be in level at which the distillation is required 
to be stopped. The lengths of the tubes M and N should be more than 
8 inches. 

Working 

Fix rubber bung K tightly. Disconnect rubber tubings at joining 
A and B. Pour water in the Y-shaped tube till it overflo^^'s. It will 
enter the tube S upto the point O. Put pressure tubings A and B. 
Turn the gas on. The gas will push the water from the arms of the 
Y-shaped tube, down below the elbow and the burners will bum when 
lighted. When distillate will reach the line P in the receiving vessel 
for distillates, it will block the lower end of the vent tube Y. Water 
will rise in the funnel and vent tubes. The pressure will force the 
water from the elbow of the Y-shaped tube up into the arm M. This 
will block the passage of gas and the burners will be extinguished. This 
stops ultimately the distillation. 

MiNiciPAr Laboratory, 

Bombay [Received : July j6, 1942] 



ABSTRACTS OF M.Sc. THESES 

I— Studies in Aqueous Solutions of Aluminium Oxide in Alkali Hydroxides 

By 

V. T. Sheth 

E quilibrium concentrations of solutions obtained by shaking 
aluminium hydroxide with solutions of the hydroxides of sodium 
and potassium were studied. For this purpose, four different 
samples of aluminium hydroxide were used : (0 obtained by precipita- 
tion from aluminium sulphate, (ii) Merck’s sample as obtained from 
the manufacturers, {Hi) obtained by precipitation from aluminium 
chloride and (iv) obtained by the hydrolysis of aluminium ethoxide. 
The concentration of the alkali was varied between iN and 14N and 
the temperature range was from 35° and 55 'C. The n^sults show that 
the solubility follows the order given above for the different samples, 
being greatest for the sample obtained from aluminium sulphate and 
least for that obtained from aluminium ethoxide. It is also found that 
the solubility of each sample increases with th concentration of the 
alkali as well as with increase in temperature. 1 he Amount of alumina 
precipitated by the addition of an electrolyte has l)ecn determined in 
each case and it is noticed that the amount of alumina thus precipitated 
is in the reverse order of solubility, t.e,, largest amount is precipitated 
from the sample obtained from aluminium ethoxide whereas the least 
amount is obtained from the sample obtained from aluminium sulphate. 


II— Some Attempts to Make out the Mechanism of Chemical Reactions : 
Studies in Chemisorption of Oxygen on Charcoal 

By 

B. K. Trivedi, 

M. R. Sc. Institute y Gujarat College, Ahmedabad 

I N continuation of the work on the combustion of charcoal in oxyg<*n, 
nitric oxide and nitrous oxide (Shah, J., 1929, pp. 2661-2692) and 
on the heats of absorption of gases on charcoal (Sharangpani, M Sc. 
thesis— 1935) attempts have been made (in the present work) to elucidate 
the nature of chemisorption of oxygen and oxides of nitrogen on charcoal. 

16 
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Series of quantitative experiments have been cxinducted with sugar 
c^rcoal exhausted at 900® and (A) ox^'gen, (B) nitric oxide and (C) 
nitrogen tetroxide at various temperatures between o® and 300®. At 
each temperature, the charcoal containing chemisorbed oxygen with or 
without retained oxides of nitrogen in vacuo has been examined by (i) 
‘heat treatment" in successive stages upto 900® (Shah, loc. ciL), and («) 
‘water treatment" first with ice cold water and then with hot water 
(King,J., 1933, p. 842). The analysis of the gas evolved in (t) revealed 
the extent of chcmisoiption of oxygen and retention of oxides of nitrogen 
on charcoal in vacuo at different temperatures and that of the cold and 
hot aqueous extracts in («) showed the amounts of chemisorbed oxygen 
and retained oxides of nitrogen giving rise to oxalic acid and nitrous and 
nitric acids respectively. 

The results, on the whole, show that the state of chemisorbed oxygen 
on charcoal is affected by a rise in temperature, treatment with water 
and when surrounded by (t) oxygen, (i?) nitric oxide, and (lii) nitrogen 
tetroxide. The retained nitric oxide in experiments with nitric oxide 
is neither chemisorbed like oxygen nor is under the influence of chemi- 
sorbed oxygen on charcoal but exists as condensed N204or N2OJ5, i,e,y 
along with nitric oxide in the absorbed state on charcoal, an observation 
confirmed from the behaviour of charcoal towards nitrogen tetroxide. 
In the interaction between charcoal and nitric oxide at low temperature 
the charcoal surface starts and catalyses the auto-oxidation of nitric 
oxide, the formation of nitrogen tetroxide with the liberation of 
nitrogen, and the nitrogen tetroxide so formed then interacts with char- 
coal leading to the chemisorption of oxygen and production of carbon 
dioxide and nitrogen through the chemisorbed oxygen, the behaviour of 
charcoal with the chemisorbed oxygen and retained oxides of nitrogen in 
vacu ) derived from both the nitric oxide and nitrogen tetroxide experi- 
ments being of the same type in ‘heat treatment’ and ‘water treatment,’ 
except in the sense that the chemisorption of oxygen and retention of 
nitrogen tetroxide proceeds more pronouncedly in the nitrogen tetroxide 
experiments than in the nitric oxide experiments. 


M. S. S. 



NOTES AND NEWS 

A Lesson From a Living Organism 

A STUDY of a healthy livini^ organism shows that there are two im- 
portant processes at work in its mechanism. These processes ap- 
parently seem to be contradictory to each other, but are really two 
aspects of a larger process which may be defined as one of organization. 
Every organic body or living organism exemplifies these two processes 
at work within itself— of insulation or specialization on the one hand and 
unification and synthesis on the other. 

The first process shows a disintegrating and the second an integrating 
tendency. An organ in an organic body fulfils its appointed function 
only when it specializes in that function. The greater the specialization 
of the organ, the more clearly it will be differentiated from the other 
organs and the richer will be its contribution to the life of the whole 
organism w'hen it co-operates and is co-ordinated with the other organs. 

In the perfect organism each side of the process will be more definite 
and outstanding, namely, specialization and synthesis. This holds 
true not onlv in the case of a simple physical orgarn’^m, such as the human 
body, but also in those of larger and more complex organisms on the 
plane of feeling and thought, or on the cultural plane, which might result 
from the grouping together of human beings ha\ing some common ideals 
as their objective. The grouping may be of a learned society, a literary, 
scientific or art society, or it may be a grouping of ptTSons with common 
cultural or religious ideals. These gioupings of p(Tsons rnay again be 
small as those of learned societies or large as those of religions, nations, 
civilizations, etc. 

Whatever the organism or the organization may be, the same two 
processes, one of isolation and specialization and the other of synthesis 
and unification are always at work ; the latter process is sometimes not 
so evident as the former but it is there all the same and requires some 
insight to be noted and emphasized. 

With this knowledge of the scientific laws of the building and growth 
of an organism in the background, let us look at the process of the organi- 
zation of the Indian nation which is taking place before our eyes. We 
shall now be in a position to understand more clearly the apparently 
hopeless and paradoxical situation in which we find our mother-country 
placed to-day. 

The idea of “Pakistan” which is in the air now' must be taken to mean 
the first process at work on the cultural level. The idea of “Pakistan” 
applying it to any body of persons, Muslims, Jains, Sikh’’, etc., on the 
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phynad plane if unscientific ; but on the plane of feeling and thought it 
has got a definite meaning. This means that each community, Muslim, 
Hindu, Sikh, Jain, Christian, Parsi, Jew, etc., etc., has to specialize in 
its own unique traditions, its peculiar social, religious and racial culture. 
No government should interfere with the cultural growth of any com- 
munity but on the other hand give every possible facility and encourage- 
ment to take the cultural development to the highest possible pitch. 
This will be in perfect conformity with the biological laws of growth. 

But just as an organ, for example, liver or heart, however Sf)ecialized 
it may be, cannot live alone but has to co-operate with the other organs 
of the body to subserve the life of the whole organism, similarly, the dif- 
ferent communities of individuals, however cultured they may be ard 
howsoever much specialized in their peculiar tiaditions and unique racial 
characteristics, cannot live alone or become isolated on the physical 
plane, for that would mean not only their death but also the death of 
the whole organism, but should co-operate with one another to subserve 
and sustain the life of the mother organism. Only thus will a living 
Indian nation, which is in the process of forming, come into existence. 
And the Indian nation will l>e all the stronger and richer by the fact of the 
cultural development of her different daughter communities and she 
will be all the more vitalized by their co-operation with one another for a 
common ideal. 

Each separate community must be free to work out its own destiny 
in its own way and to develop to the highest point possible its own in- 
dividuality but its watchword should be in relation to the other sister 
communities and the motherland ^Uogether differently^ Each will bring 
its own special contribution to the unified richness and variety of the 
larger life of the mother-organi«'m. 

The Indian nation has, again, to make its own unique contribution 
to the world culture in co-op<'ration with the other nations with their 
unique cultures. This is possible only when each nation is free to grow 
along its own line of growth. In a truly organic internationalism both 
the freedom of each individual nation and the mutual interdependence 
of each should not be forgotten. 

What a fine place of abode this earth of ours would be to live in if 
the leaders of each faith and community and the rulers of each state and 
nation understood these simple biological laws of growth and applied 
them to the building of a gicat nation like India or a great world organi- 
zation which would seivc as the ciadle of a new civilization broad-based 
on tlie natural laws of the growth of a living organism ! 

D. D. Kanoa 



OBITUARY 

Sir WIIHim Hairr Brm, O.M., P.R.$. 

T he scientific world has lost one of its most distinguished leaders in 
the death of Sir W. H. Bragg, Director of the Royal Institution, 
London, on the 12th March, 1942, at the venerable age of nearly 80 
years. Even a bare recollection of Sir William’s glorious life is enough 
to impress the mind with wonder and admiration. Born in 1862, he 
graduated from Cambridge and went overseas at the age of twenty four 
to take up the Professorship at the Adelaide University. He published 
his first paper in 1904 and this marked the beginning of a series of 
brilliant contributions made by him to scienlifu knowledge, and won 
for him the Fellowship of the Royal Society in iqoG. In 1909, he was 
appointed Professor of Physics at the University of Leeds, and in 1915. 
Quain Professor of Physics at the University College, London, In 
1923, he was appointed Director of the Royal Institution, which position 
he held till his death. 

Bragg’s early wwk was carried out on radioactivity. He studied the 
ionisation of gases by the passage of alpha p tides through them, and 
showed for the first time that it falls off abruptly after they traverse 
a certain distance (Range) in a medium. 

Sir William’s most important work, for which he is primarily known, 
is on X-ravs and Crystals. The question of the nature of X-rays engaged 
his attention for a long time and at one lime he considered them as 
streams of neutral particles. But w^hen Lauc showed in 1912 that 
X-rays are electromagnetic waves and can be diffracted by crystals, 
Bragg took up the study fiom the new view point and in the same year 
developed theoretical considerations for the interaction of X-rays with 
crystals and derived the expression generally known as Bragg’s Law. He 
designed an X-ray Spectrometer, which he first employed for the study 
of crystals of rock salt and sylvine, and in collaboration with his son, now 
Sir Lawrence Bragg, who had taken a special course in crystallography, 
discovered a new method for determining the wave-length of X-rays 
and immvelled at the same time the structure of the tw^o crystals. Sir 
William aiul his son concentrated their attention on the study of crystals 
to discover the mysteries of Nature in building up crystalline sJructurcs 
of substances which belong to both the inorganic and organic worlds. 

Sir William’s fame spread far and wide and a large number of workers 
were attracted to Davy-Faraday Laboratory from all parts of the w^orld. 
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The writer came in contact with him on two occasions when he went 
to work in the Laboratory in 1926 and 1934. On both occasions he found 
him deeply interested in organic crystals. He took personal interest in 
all the workers and encouraged them to develop new lines of investigation 
and carry them to perfection. 

Sir William’s technical, or rather “applied,” work was mostly done on 
account of the exigencies of the war. It dealt chiefly with the trans- 
mission and detection of sound under water, and included investigations 
on the directional properties of vibrating circular membranes, the in- 
vention of the ‘Button Hydrophone’ and the ‘Amplitude Meter.’ A 
popular account of this work is given in his book World of Sound, 

It is no exaggeration to say that in his mastery over exposition Sir 
William Bragg was excelled by few. He was one of the most popular 
lecturers on scientific subjects. His lectures, which were always well 
attended, had nothing of the terseness of the scholar nor anything of the 
scholasticism of the school master. They were delivered in simple style 
and made interesting by a happy analogy or an experimental set-up, 
startling in its simplicity. 

Sir William Bragg was well honoured in his country and abroad. 
He was awarded the Nobel Prize in 1915, jointly with his son, W. L. 
Bragg, and was the recipient of Copley Medal and several others. He 
received the honour of Knighthood in 1920 and later on the distinction 
of Order of Merit. He was the President of the Royal Society and a 
distinguished Honorary Fellow of several Foreign Societies. 

Sir William Bragg was an enthusiastic worker and even a few months 
before his death took an active interest in the discussion held at the Royal 
Society on the “Extra Spots in Laue Photographs” and contributed a 
few papers to this discussion. He was a great writer and besides 
“X-rays and Crystal Structure,” “An Introduction to Crystal Analysis” 
and “Crystalline State,” he also published a scries of popular books which 
will delight their readers for many years to come. He was keenly in- 
terested in the social relations of science, and only a short while before 
his death he contributed an article on “Science and the Community” 
to the first issue (January, 1942) o£ Endeavour^ a quarterly review published 
by the Imperial Chemical Industries, London. 


Mata Prasad 



BOOK REVIEW 

Differential Equations , — By G. S. Diwan and D. S. Agashe (Published by 
D. S. Agashe). n. p. 

T he work under review is a text-book on elementary differential 
equations, intended for a first degree course in many Indian Uni- 
versities, in which for years Murray’s text-book was used and later 
on Piaggio’s book appeared as a suitable alternative. On the whole the 
work under review is well suited for the purpose. Differences of opin- 
ion must exist on the method of presentation of various subjects and on 
the sequence followed. For example, the solution of the standard linear 
differential equation of the first order is made to depend (in § 19) on 
the Rule III of Integrating Factors. In certain courses of studies of 
Indian Universities the subject of integrating factors (§§ ii, 13-17) 
is omitted from the syllabus, and hence a direct method of solving this 
equation should have been given, at least as an alternative. Certain 
nomenclatures and definitions are also unusual. For example, on P. 9, 
Cx and C2 are called mutually dependent constants. The meaning is made 
clear only on P. 10, where constants which are not independent (as 
defined) are defined as dependent constants. 

There are some obvious slips. For example, on P. 9 in the foot-notef, 
the statement is seen to be wrong if we take two functions Ci +^2 +^3 
and (<^i+^ 2+^3)* arbitrary constants and replace them 

by distinct constants r' and o'* respectively; on P. ii, the constants 

Xi, Xa, X3, X4 in Xi 4“ X4 = io are not indepen- 

dent ; on P. 14, a certain result is referred to as ‘an assumption’ in line 
12 from the bottom, but it is not calted an assumption, as should have 
been done for clarity, in the first line on that page ; on P. 23, ‘Conversely’ 
would have been more appropriate in line 3 than ‘Further’ ; on P. 60 in 
line 16 from the bottom, the factor is p —fr y not p — ft =0, and so on. 

On P. 41, it would have been better if the theorem proved in § ii 
had been enunciated first and a definition of ‘independent’ functions 
given, if at all this result was to be given the status of a theorem, as seems 
to be the authors’ intention. On P. 62, in § 3, it is not clear as to what 

is meant by ‘Let us assume in Chapter II.’ 

From the foot-note on P, 62 one would think the assumption to be that 
the extraneous factors (not containing ^) should be rejected, as in 
Ex. (i) in § 3.2. Even if that is done, it is possible that the equation 
left may not be solvable by any of the methods described in Chapter II. 

I would have preferred stating clearly ‘If this equation can be 

solved by any of the methods described in Chapter IL’ 

I have not the necessary space to make my lists exhaustive. The book 
is fairly well- written and the printing is carefully done, except -that the 
breaking up of .equations and spreading them wer two lines could have 
been avoided in many places. In spite of minor blemishes, some of 
which are pointed out above (in the hope that when the second edition 
is published, they may be removed), the book is a welcome addition to 
Indian publications on the subject. 


N. M. S. 
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INTRODUCTION 

T his part of the external anatomy of the desert locust was partly 
worked out in the Entomology Laboratory of the University of 
Edinburgh, during the writer’s stay in Great Britain, in the 
winter of I930>ig3i. After a lapse of some ten years, the work was 
4giun taken up in the summer of 1941, when living material of the 

n (I) 
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locust was made available through the kindness of Mr. T. R. Tulyam 
of D, J. Sind College, Karachi, to whom the writer is much obliged. 
With the help of this material, the embryonic and post-embryjonic 
development of the abdominal structures of the locust was exhaustively 
studied in the Zoological Laboratory of the Royal Institute of Science, 
Bombay. Sincere thanks are due to Prof. P. R. Awati of the Institute 
for giving the necessary facilities for this study in his laboratory. 

The problem dealing with the number of abdominal segments of 
insects has, for a long time, been a point of much controversy. Differences 
in numbering these segments have led to a good deal of confusion among 
entomologists. Various theories have been advanced, many of which 
have been fully discussed by Newell (1918). Heymons (1896) pro- 
pounded the theory of a 12 -segmented abdomen in primitive insects. 
Ghopard (1920) supports that view, though he does not clearly explain 
the developmental fate of the iith segment. Wheeler (1893) and other 
investigators hold the view of an 1 1 -segmented abdomen, while Crampton 
(1929) is of opinion that the insect abdomen is formed of 10 segments 
only. 

Another point of dispute relates to the development and homology 
of the male and female genitalia of insects. In the case of the female 
genitalia, for instance, three different views have been held, which are 
summarised by Imms (1931) as follows : — 

(1) Genitalia as specially developed organs (Heymons). 

(2) Genitalia as representing the embryonic appendages of the 8th, 
9th and loth abdominal segments (Wheeler). 

(3) Genitalia as representing the embryonic appendages of the 8th 
and 9th segments, those of the 9th having undergone a secondary division 
into two pairs (Walker, Nel, Crampton). 

Irrespective of whichever of these theories may prove to be correct, 
one fact stands out clearly, that the evidence on which they are based 
is derived almost entirely from a study of the comparative morphology 
of the adult, without any direct reference to the embryological back- 
ground of the insects dealt with. In the words of Imms (1931) “the 
majority of contributions deal with completed organs. Ontogenetic 
studies have not been pursued wdth the same enthusiasm.” 

The diversity of views regarding the number of abdominal segments 
and the homologies of the genitalia is due to the fact that the terminal 
abdominal segments of insects usually undergo a radical modification 
in structure in the course of their embryonic development. This conse- 
quently makes it extremely difficult to follow their morphological re- 
lationships in the completed organs of the adult. To establish the 
correct structural homologies, one has therefore to study the insect right 
from the embryonic stage to the adult condition. With this end in view, 
the writer has carried out the ontogenetic study of the abdominal seg- 
ments and the genitalia of the desert locust, the results of w^hich are in- 
corporated in this paper. 

PROXIMAL ABDOMINAL REGION 

The number 6f abdominal segments visible in S. gregaria is eleven of 
which the proximal eight are clearly seen, while the remaining ones at 
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the ^Ustal end arc slightly attenuated and modified to form the genitalia, 
particularly on the ventral side. Each abdominal segment consists of 
a chitinous dorsal half-ring called the tergite 53 .T), a chitinous 



Fig. 53 . First abdominal tergite. x 6. 

MT — ^Motanotum. R — Ridj^e (internal). Ti 
T2 — First and second abdominal tergitos. 

which normally lie concealed under 
of the tergites and the sternites. 


ventral half-iing, the (Fig. 

54.8)5 and a narrow membranous 
area stretching laterally between 
them on each side. The lateral 
margins of the tergite are slightly 
folded inwards to form on each 
side a narrow chitinous strip called 
Xht sub-tergite (Crampton, 1925). 
The latter bears a small spiracular 
opening (SP) near its anteiior end 
and such paired spiracles are 
present on the subtergites of the 
proximal eight abdominal seg- 
ments. The different segments 
of the abdomen are connected 
, with one another by means of 
the intersegmental membranes 
the overlapping posterior margins 


The first abdominal tergite (Fig. 53. T) is connected with the post- 



Fig, 54 . First and second abdominal 
Unites, X6. 

CX 3 —Third coxa. MS 3 — Metasternal lobe. 
R — Ridge (internal). Sj, S2 — First and 
second abdominal sternites. SP2 » SP3 — Second 
and third abdominal spiracles. 


notal plate of the metatergum 
(MT)by means of a suture which 
internally gives rise to a strong 
ridge, and a pair of vertically 
hanging apodemes. Laterally 
the tergite carries the tympanic 
cavity contax.iing the tympanum 
(Fig. 52.TM)5 serving for audi- 
tory purpo«5es. In front of the 
tympanic cavity is situated the 
first abdominal spiracle (SP) on 
each side. The first abdominal 
sternite (Fig. 54.S1) migrates for- 
ward into the metasternal region, 
and thus occupies the area be- 
tween the metathoracic coxae 
(CX3) . It has a narrow median 
process directed anteriorly and 
‘‘dovetailed” between the lateral 
scleiites of the metasternum 
(MS3). The pleural region of 
the first abdominal segment is 
almost crowded out by the exces- 
sive development of the basal 
region of the hind coxae (Fig. 

52). 
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The proximal abdominal tergites fcarry on their inner sor&ces a deeply 
chitinis^ transverse ridge on each, rnnning almost parallel to, and 
situated a little behind the anterior matgin of each tergite (Fig. 53 •^)» 
These ridges are incomplete laterally and serve in general for muscle 
attachment. They become rather obscure in the distal abdominal 
tergites. Similar internal ridges, somewhat of a semicircular shape^ 
are also present on the inner surfaces of the sternites of the and, 3rd, 4th 
and 5th segments, serving likewise for muscle-attachment (Fig. 54.R)* 
Besides these, the abdominal sternites are provided with internal apo- 
physes serving the same purpose. Each sternite possesses generally two 
pairs of them, arising from its antero-lateral corners, one pair being 
directed anteriorly in the horizontal plane, and the other dorsalwards 
in the vertical plane. The first abdominal sternite carries no such 
internal apophyses ; the second has only the anteriorly running pair ; 
while the third and the succeeding five sternites possess the two typical 
pairs of apophyses on each of them. The ninth sternite of the male 
has only one pair of flattened apophyses occupying the latero-vertical 
position. The ninth sternite of the female has also a single pair of 
apophyses which, unlike the preceding ones, are very long and blade- 
like and project cephalad in the body-cavity. 

DISTAL ABDOMINAL REGION 

The foregoing description refers to the proximal abdominal segments 
of S. gregaridy and applies equally to both the sexes of the locust. The 
distal abdominal segments of this insect show however a definite tendency 
to reduction in size and modification in structure, due to their being 
closely associated with the development of the external genitalia. This 
distal segmental shortening, coupled with structural modifications, has 
caused a good deal of confusion, not only in numbering the abdominal 
segments, but also in respect of the homologies of the genital structures. 
To clear up this confusion and arrive at a correct interpretation of the 
genitalia, it is essential to study the embryonic development of the distal 
abdominal structures before they attain the status of completed organs 
in the adult stage. . 


EMBRYONIC DEVELOPMENT OF THE ABDOMINAL 
STRUCTURES 

A microscopic examination of the ventral side of the embiyo of S. 
gregaridy in its very early stage, shows the abdomen to be clearly formed 
of eleven segments (Fig. 55). Each segment is composed of a median 
sternal pldte (S) which bears laterally a pair of bilobed appendages. Be- 
neath the transparent sternal plates are seen the eleven pairs of nerve 
ganglia^ corresponding to the eleven abdominal segments. The proximal 
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lobe of each aegmeatal appendage represeots^ according to Crampton 
{19^9)* Crustaccao^iti/o^wfcitf (PR)> while the distal one is homologous 
with the Crustacean exopodiU (EX). The Crusracean endopodite is not 

properly differentiated in the 
proximal abdominal appendages, 
except in the case of the first 
segment, where it, in conjunction 
with the other parts, gives rise to 
an ear-shaped glandular structure 
called the phuropod. The latter 
persists through the embryonic life 
and is cast off only at the time of 
the intermediate moult. As the 
embr/o advances in development, 
the protopodites of the first nine 
abdominal appendages flatten out 
laterally and form the sides of 
the respective sternal plates with 
which they get indistinguishably 
fused. The exopodites of the proxi- 
mal eight appendages bear each 

Fro. 60 . Anearly stage Ventral ^ invagination near the 

view of the distal abdominal region. X 75. anterior margin, which represents 

CR-Oerous. EX-Exopodite. PP-Para- the spiracutar opening (SP). As 
proots. PR— Protopodite. Se-ii— Seg- development proteeds, the exopo- 
mental stemites. SP— Spiracle. dites grow in a latero-dorsal direc- 

tion, become closely associated 
with the tergal plates (wide infra), and eventually form the so- 
called subtergites. In the distal region of the abdomen, the segmental 
appendages together with their sternites undergo a modification of their 
structure, in connection with the development of the genitalia, the 
details of which are given below. 

Whatever the fate of the abdominal appendages, their segmental 
appearance in the early stage of the embryo is by itself a sufficient proof 
of the affinity of insects with Crustaceans. Moreover, the presence of the 
eleven pairs of these appendages and of the eleven pairs of nerve-ganglia, 
observable very clearly in the abdominal region of the early stage embryo 
of 5. gregaria, constitutes an unmistakable evidence in favour of the theory 
of the I T -segmented abdomen of insects. It may be mentioned here 
that Roonwal’s work (1937) on Locusta migratoria, describing the 
presence of the eleven pairs* of coelomic sacs corresponding to the 1 1 
pairs of abdominal appendages, points to the same conclusion. 
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Dorsally, the first ten abdominal tergites are represented, in the early 
stage of the embryo, by the ten pairs of segmentally arranged lateral 
plates {tergal plates) (Fig. 56.L) whose appearance is almost synchronous 
with that of the bilobed sternal appendages. Between the plates is 
stored the orange-coloured yolk (K) which constitutes the food of the 
embryo. As development goes on, the margins of these tergal plates, 
ten on each side, extend gradually upwards in the dorso-mesal direction 


Fio. 56. An early stage embryo : 

Dorsal view. X 75. 

C — Cercus. K — Yolk. L — ^Lateral 
torgal plate. Tix — ^Eleventh tergite. 

(Fig. 57) and eventually meet in the mid-dorsal line, thus forming the 
completed tergites of the first ten abdominal segments. The eleventh 
tergite, unlike the rest, develops very early as a single terminal piece in 
the form of a small subovate tergal plate (Tii), and is homologous with 
the so-called supra-anal plate of the adult. 

Below are described the structural modifications of the distal abdominal 
segments, leading to the formation of the genitalia, with their respective 
homologies in each sex. 




Fig. 67. Dorsal view of a portion of 
embryonic abdomen, showing tho 
tergal plates closing in. X60. 

K— Yolk. L— Lateral tergal plates. 


Female Embryo 

(Figs. 55, 58, 59, 60, 61) 

8 th Sternum . — The protopodites develop a small lobe on each, which 
represents the endopodite (E). The protopodites bearing the endopodites 
show a tendency to shift their position in a postero-mesal direction. 
Towards the en^pf the embryonic stage, the protopodites fuse completely 
with the sides of the 8th sternite, while their endopodites take up their 
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final position along the posterior margin of the same stemite, as two 
oval-uiaped sclerites. These sclerites, representing the embryonic 



Protopodite. X — Exopodite. (Tenth sternal region gradually passing under 

the ninth). Lettering as in Eig. 58. 


cndopodites of the 8th pair of abdominal appendages, give rise to the 
so-called ventral valves of the adult stage. The 8th exopoditcs (X) bearing 
the 8th pair of abdominal spiracles form the subtergites of the 8th tergum. 

gth Sternum, — The protopodites develop a small lobe on each, which 
represents the endopodite (E). The protopodites bearing the endopodites 
show a tendency to shift their position in a postero-r .osal direction. To- 
wards the end of the embryonic stage, the protopodites fuse completely 
with the sides of the sternite, while their endopodites take up their final 
position on the posterior margin of the same sternite, in the form of a 
pair of conical, slightly curved sclerites. These latter, representing the 
embryonic endopodites of the gth pair of abdominal appendages, give 
rise to the so-called dorsal valves of the adult stage. The gth exopodites 
do not carry any spiracles. They are relatively smaller than the pre- 
ceding exopodites. As usual, they contribute to the formation of the 
gth subtergal region. 

loth Sternum, — The sternite and its protopodites show a tendency to 
reduction in size, followed by their cephalad migration under the basal 
region of the gth pair of appendages. Towards the end of the embryonic 
stage, the ^eatly attenuated loth sternite and its reduced protopodites 
take up their final position at the base of and between the gth endopodites. 
The loth endopodites are at no stage clearly, distinguishable, but it is pre- 
sumed that the two tiny elevations on the loth sternal region (Fig. 66) 
which invariably give rise to the inner valves of the adult stage, represent 
the loth endopodites. The loth exopodites do not carry any spiracles. 
They are much smaller than even the gth pair, and as usual form the 
subtogal region qf the loth tergite. 
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Fig. 60. Female embryo : Stage 3. X 60, 

(Only a trace of tenth stemite seen 
from outside). 


Fio. 61. Female embryo : Stage 4. x45. 


(Tenth sternal region hidden completely 
under the ninth). 8E — Eighth endopodite 
(ventral valve). 9E— Ninth endopodite 
(dorsal valve). 


iith Sternum. — ^The sternite, like the preceding one, shows a tendency to 
reduction in size, followed by its disappearance. Its only vestige in the 
adult stage is seen in the form of a small Y-shaped sclerite developed in 
the intersegmental membrane. The protopodites (Fig. 55.PP) are ex- 
tensively developed, are joined to each other at their bases, and represent 
the so-called paraprocts of the adult stage. The exopodites of this terminal 
segment, instead of being fused with the segmental tergite, remain 
separate in the form of the so-called cerci (CR). The endopodites of 
the terminal abdominal segment are either obscure or not developed at 
all. 


Male Embryo 

(Figs. 55, 62, 63, 64, 65) 

8th Sternum. — ^The protopodites flatten out laterally and fuse with the 
sides of the sternite. The exopodites bear the 8th pair of spiracles and 
form the subtergites of the 8th tergum. The endopodites are not differen- 
tiated at all. 

gth Sternum. — ^The protopodites develop a small lobe on each, whidh 
represents the gth endopodite (E). The protopodites bearing the 
endopodite-lobes show a tendency to grow in a postcro-mesal direction. 
Towards the end of the embryonic stage, the two protopodites fuse 
completely with the sides of the gth sternite, while their endopodites 
take up their final position on the posterior margin of the same stemite, 
in the form of a pair of slightly curved conical sclerites. It is these endo- 
poditic cones which give rise, in due course, to theMk^called subgenitai 
plate or the y^ncoxlie (Crampton 1925) of the adult stage. , The exopN^lea 
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dEo not possess any spiracles. Like the preceding ones they form the 
subtergites of the 9th tergum. 




Fig. 62. if oZe embryo: Stage 1. X 05. Fig. 63. ifaZe embryo : Stage 2. x66. 

6^10 Abdominal segmental stemites. (Tenth sternal region gradually passing 

P"— Frotopodite. X — Exo-podite. under the ninth). Lettering as in Fig. 62. 

E — ^Endopodite. 

loth Sternum . — ^The sternitc shows a tendency to reduction in size, 
followed by its cephalad migration under the posterior margin of the 



Fig. 64. Male embryo : Stage 3. 
X 60 . 

(Only the tenth protopodites visible 
from outside). 


X45. 

(Tenth sternal region com- 
pletely hidden under the ninth). 
9E — Ninth endopodite leading 
to the formation of synooxite. 


9th sternitc. The lobe-like, paired protopodites (P) follow the migrating 
sternite very closely. Towards the end of the embryonic stage, the 
sternitc has almost disappeared from view, and the protopodites have 
definitely passed under the basal region of the gth endopodites. These 
cephalaa migrating loth protopodites, concealed under the gth endo- 
pc^ites, give rise, in due course, to the so-called ventral valves of the adult 
«tage. The loth endopodites are rather obscure. The loth exopodites 
though very much reduced in size, form as usual the subtergal region of 
the loth tergum. 
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Jith Sternum . — ^Thc developmental fate of the stcmite and iu append* 
ages is identical with that of the conesponding female sternite and its 
appendages described above. 


DISCUSSION 

Wheeler (1893) pointed out that the three pairs of valves in 
the female are serially homologous with the 8th, 9th and loth pairs of 
abdominal appendages. He further states that the loth sternite and 
its appendages migrate very early in a cephalad direction between the 
bases of the 9th appendages, a fact which, for want of accurate obser- 
vations, has undoubtedly misled many a later author (Walker, Nel), 
in their interpretation of the homologies of the ifcmale and the male 
genitalia. Wheeler’s observations, as briefly stated above, are essentially 
borne out by those of the writer made in S. gregaria, as described in this 
paper. 

According to Walker (1919) and Nel (1929), the ventral valves of 
the female belong to }:he 8th sternite, while the dorsal and the inner ones 
belong to the gth sternite alone. Walker’s observations are obviously 
based on a study of the adult and the nymphal stages of insects. Nel 
claims to have gone deeper into the embryonic background. But even 
this author appears to have failed in observing the mesocephalad migra- 
tion of the loth sternite and its appendages underneath the 9th, which 
occurs very early in both the male and the female embryos. That is 
why the interpretation of the fejnale inner valves and of the male ventral 
valves by these authors is far from correct. The study of the embryonic 
development of S. gregaria easily shows that the female inner valves are 
by no means the pioduct of a subdivision of the gth pair of abdominal 
appendages. They are definitely derived from the loth pair, much in 
the same way as the ventral and the dorsal valves are derived from the 
8th and the gth pairs of abdominal appendages. 

Heymons (i8g5), Crampton (ig2g), and several authors quoted by 
Crampton, consider the cerci as the exopodites of the last abdominal 
segment. Heymons, believing in the theory of a 1 2-segmentcd abdomen, 
takes them to be the exopodites of the 12th segment. Crampton, be- 
lieving in the theory of a lo-segmented abdomen, considers them to be 
of the loth segment. The study of the embryonic appendages of S, 
gregaria reveals that the cerci are appendicular in origin, and that they 
represent the exopodites of the iith pair of abdominal appendages, 
there being only 1 1 abdominal segments in this Orthopteroid insect. 

Chopard (ig2o) who holds the view of a 12 -segmented abdomen of 
insects, states that the ventral and the inner surfaces of the paraprocts 
represent the loth and the 12th sternites. He however mentions nothing 
regarding the fate of the i ith sternite. Else (ig34) considers the podical 
plates (paraprocts) to be the i ith sternite split into right and left halves 
by a median slit. The study of the embryo of S. gregaria points out that 
the number of abdominal segments in this Orthopteroid insect is only 
eleven, that the iith sternite gets reduced and obliterated, and that the 
paraprocts are morphologically of an appendicular nature, being homo- 
logous with the fftrotopodites of the 1 ith pair of abdominal appendages. 
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GENITALIA OF THE POST-EMBRYONIC AND ADtTLT 

STAGES 

Female Stages 

Instar I (Fig, 66) 

8th Sternum, — The sternite is well developed (Sg). A small transverse 
aperture is seen in the mid-ventral line nearer the anterior margin of the 
sternite. It represents the female genital opening (GO). Distally a pair 
of subpyriform lobes (VV) is clearly marked off from the sternite by 
sutures. They represent the ventral vaives^ homologous with the 8 th 
endopodites. 

gth Sternum, — The sternite is well developed (Sg) . Along the posterior 
margin of the sternite is seen a pair of conical lobes, the dorsal valves (DV), 
which are homologous with the gth endopodites. 



Fig G6. female fit st Instar, X3.>. 

C — Cercus. DV — DorHal vaho. GO — 
Genital aperture. IV — Rudiments of 
inner valves. PP — Paraprocts. Sg-io— 
Segmental stornites. W — Ventral vahe. 



Fio. 67. Female second Instar. X 35. 
GD — Genital duct. Other lettering 
as in Fig. 66. 


loth Sternum, — The sternal region is reduced to a very small area. 
A pair of minute protuberances is situated on the inner sides of the basal 
region of the dorsal valves. They represent the rudiments of the inner 
vdves (IV), presumably homologous with the loth endopodites. 


Instar II (Fio. 67 ) 


8th Sternum, — The female genital aperture (GO) shifts more towards the 
posterior margin of the sternite. The oviduct (GD) leading back from 
the aperture within the body is well seen in this stage. The ventral 
valves elongate posteriorly and give rise to a pair of blunt terminal pro- 
cesses which represent the rudiments of the hooks or styli. In the suture 
between the valves is found a small aperture, the spermathecal opening. 



Ifi JOXUnMU OF THE UNIVERSnY Of SOMtAlT 

gt/^ Stimum.^The stcmite riiows a tendency to shortening. The 
dorsal valves elongate in the posterior direction. 

zoth Sternum . — The inner valves are fairly distinct. In the suture 
between them is seen a minute aperture which represents the opening 
of the accessory gland. 

Instar III (Fig, 68) 

8th Sternum . — The female genital aperture (GO) migrates backward 
and lies on the posterior margin of the sternite. The posterior margin of 
the sternite shows a tendency to fold inwards. The ventral valves 
develop a membranous connecting fold between themselves in which is 
located the spermathecal opening (SPO). 

gth Sternum . — The sternite is much reduced. The dorsal valves elon- 
gate still more in the posterior direction. The rudiments of the terminal 
hooks or styli are clearly differentiated. 



Fig. 68 Female third Instar X25. EG— Egg guide. 

SPO — Spermathecal opening. 

joth Stnmm.— The inner valves along with their basal sternite ^ft 
more and more cephalad between the bases of the dor«al valves. The 
opening of the accessory gland is clearly seen. A small duct leading 
inside firom the opening is also visible. 


Instar IV (Fig. 69) 

8th Sternum-— The female genital aperture passes underneath the in- 
folded posterior margin of the sternite. The mid-region of the posterior 
margin of the sterifite develops a blunt process known 4* the egg-guuk 
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(GE) or *‘digituliis” (Boldyrev, 1959). The ventral valves elongate 
still more posteriorly. 

gih Sternum , — ^The sternite is very much reduced and is hidden under 
the ventral valves. The dorsal valves elongate still more posteriorly. 

loth Sternum , — ^The inner valves migrate more and more cephalad 
towards the base of the dorsal valves. They are thus completely hidden 
beneath the hooks of the ventral valves. 

Instar V (Figs. 70, 71) 

8th Sternum , — The female genital aperture migrates forward under- 
neath the sternite. The portion of the sternite posterior to the genital 
opening is commonly known as the sub-genital plate or lamina (SGP)* 
The egg-guide is fairly elongated and produced behind between the 
ventral valves. The ventral valves develop secondarily sclerotised areas 
on their body. The terminal hooks are bent ventrad. 



Fro. 70. Female j/i/iA Instar. XiO. 71 , Female fifth Instar: 

SGP — Subgenital plate. Genital valves spread out. X 14. 

gth Sternum , — ^The sternite (Fig. 71. Sq) is reduced to a small, transverse 
sclerite situated at the base of the dorsal vafves. The dorsal valves extend 
beyond the paraprocts. The hooks are well developed and bent dorsad. 

loth Sternum, — (Fig. 71). The inner valves (IV) occupy a definite 
area between the dorsal valves. The loth sternite (Sio) is limited to a 
narrow portion situated beyond the 9th sternite, between the dorsal 
valves. 
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Adult Stage (Figs. 72, 73, 74, 75, 76, 77, 78) 




SUrmm , — ^Thc female genital aperture known as the gompore or 

vulva (Fig. 73. GO) is situated on 
the inner surface of the under-folded 
distal region of the 8th stemite. 
The subgenital plate (Fig 72. SGP) 
is quite extensive. The egg-guide 
(EG) takes the form of a sharply 
conical process lying against and 
between the ventral valves. The 
distal region of the sub-genital plate 
which is folded under on itself on 
either side of the egg-guide, forms 
a pair of chitinous concave plate** 
(Fig, 73. CPI on either side of the 
gonopore. The concavities of these 
plates appear like a pair of pocket- 
likc depressions (K) . The plates in 
question develop on their internal 
surfaces a pair of transverse, ridge- 
like elevations (Fig. 74. RE) which 
Fig. 72 . Female adidt stage. x8. are strongly chitinised and irregular 
fiDV--Doraal valve. EG— Egg-guide m outline. These ridges or out- 

W— Ventral valve. SGP— Subgemtal growths serve probably to prevent 

plate. 



Fio 73, Female adult svh-genital plate opened out, exposing genital opening 
and other stmotures hid^n under it X XO. 
a — “Arcus.” b — ^Ventral sclerite. 0 — ^“Piloolus.” d — ^Dorsal sclerite. CP — Con- 
cave underfolded plate. EG— Egg-guide. GD — Genital duct GO— Genital opening. 
K— Depression in CP MB — Intermediate membrane. N— Pouch. STO— Sper- 

mathecal opening. 
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hef imderfolded plates from resting too closely against the inner sides of 
the subgenital plate. There extends an ample intermediate membrane 
(MB) between the distal margin of the underfolded plates and the base 
of the ventral valves. In this membrane is found a pair of pouch-like 
pockets (Fig. 73. N) situated laterally. They are provided with muscle- 
bands, attached at one end to their bottom and at the other to the 
antero-lateral apophyses of the 8th sternite. Varde (1929) finds similar 
pouches in Anacridium aegjpticum which he names as “vesicules ovidu- 
ctaires.’’ The exact function of these pouches needs however to be in- 
vestigated. 


The ventral valves (W) arc apparently situated in the intersegmental 



Fig. 74. Female sttbgenilal plate cut open, showing 
ridge-like outgrowths on the inner side of 
underfolded plates. X 16. 

CP — ^I'^nderfolded plates. EG — Egg-guide. 

GD — Genital duct. Re— Ridgelike outgrowth. 


membrane bet>veen the 8th 
and the gth sternal regions. 
Morphologically, they are 
homologous with the endo- 
podites of the 8th pair of 
abdominal appendages. 
Each valve is an elognated, 
deeply chitinised structure 
formed of four sclerotised 
pieces. Two of these lie on 
the ventral side, one on the 
dorsal side, and the fourth 
is situated laterally. Of the 
two ve*itral pieces, the basal 
one [a) is somewhat club- 
shaped and known as arcus 
(Boldyrev, 1929). Walker 
interprets it as a portion of 


the “basivulva”(?). The arcus from one valve meets its mate from the 
other, and thus they together form a median V-shaped structure, con- 
necting the two valves in the intravalvular membrane. The other ventral 
sclerite of the valve (b) is a large oval piece situated on its meso-ventral 
side. It carries a number of minute tubercles on its slightly convei^ 
surface. The third sclerite (d) situated dorsally is greatly elongated, 
and terminates distally into a strongly chitinised hook called the stylus 
which is curved ventralwards. Proximally it has a broad base which is 
connected with the valvifer (Fig. 75.VL) by means of a smalHntermediate 
piece {e). The fourth sclerite situated laterally (c), and known as the 
pileoJus (Chopard, 1920), is the largest portion of the ventral valve. Its 
dorso-lateral margin grows into a wing-like expansion which, in situ, 
overlaps the fiank of the dorsal valve of each side (Fig. 78). The two 
valves are joined to each other by an ample intravalvular membrane in 
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the centre of which lies the speroiathecal aperture (SPO) located in 9 . 
cup>like chitiniscd area. 



Fig. 76. Female genital vaivea 
spread out. X 10. 
c, d, e, — Scleritea of ventral valve. 
AO—Acoessory gland aperture. DV — 
Dorsal valve. IV— -Inner valve. Sq — 
Ninth sternite. Sj o Tenth sternite. 
Vli—Valvifer. Y— V-shaped solerite. 


gth Sternurrt , — ^The 9th sternite (Figv^ 
75> 76. S9) is reduced to a very 
narrow, median sclerite situated at the 
base of and between the dorsal valves^ 
(DV). The latter are morphologically 
homologous with the endopodites of 
the 9th pair of abdominal appendages. 
Each valve is formed of a single,, 
hollow, chithinous piece, ending dlstally 
into a strongly developed hook (stylus) 
which is bent dorsad. Proximally the 
valve is connected with the valvifer 
(VL) along its basal margin. The 
mesal corner of the base of each valve 
is immovably joined to the side of the 
9th sternite. There are no secondarilv 
formed areas on the dorsal valves, like 
those on the ventral valves. Laterally^ 
each dorsal valve sends inwards a pair 
of apophyses {Fig, 77. AP) of which the 
dorsal one is longer and more strongly 



Fiq. 76. Basal region of dorsal and inner valvee 
enlarged. X 20. 
licttering as in Fig. 76. 

developed. Between the two valves extends an ample intra-valvular 
membrane in which are situated the various parts of the lOth abdo- 
minal sternum. The valvifer (Figs. 75, 78. VL) is a long blade-like 
apophysis arising frpm the basal region of the dorsal and the ventral 
valves on each side, and stretching ccphalad, within the body-cavity* 


wnrmmAi. STII^CTVIIES of thf disert locust 17 

iQth Si0n^0ti , — The tenth sUmite (Figs. 75, 76. is represented by a 
very small, arch-like sclerite situated behind the 9th sternite, in the 
intravalyular, membrane of the dorsal valves. The inner valves (IV) 
extend ^hind from the lateral ends of the arch-like sternite, and are 
homologous with the endopodites of the i oth pair of abdominal append- 
ages. Each valve has the form of a chitinous rod ending distally into a 



Fio. 77. Mid-vertical section through genital and anal regions of female adult 
(semi -diagrammatic), x 14. 

AD — ^Accessory duct. AN — Anus leading into rectum. AP — Apophyses. 

DV — Dorsal valve. EG — Egg-guide. OD — Genital duct. GO — Genital opening. 
IV — Inner valve. PP —Paraprocts. S 9 - 1 0 — ^Ninth and tenth stemites. SAP — Supra - 
anal plate. SD — Spermathecal duct. RGP — Subgenital plate. — YV — ^Ventral valve. 

fine process representing the stylus. The valves, all along the proximal 
portion of their length, remain attached to the intravalvular membrane 
between the dorsal valves. The space between the inner valves is occu- 
pied by another intravalvular membrane in the centre of which is •situated 
the qpening of the accessory gland (AO). The ’latter is rather vestigial 
in this locust, though functional in Blattidae (Nel, 1929). The special 
feature of the tenth sternal region of this Orthopteroid insect consists in 
the great reduction in size of the sternite and of its appendages, their 
meso-cephalad migration, and tlieir lodgement in the intravalvular 
membrane of the 9th pair of appendages. 

n (2) 
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jitk Situated in the distal region of the intravalvular mem- 

brane of the dorsal valves is seen a small, 
median, T-shaped sclerite (Figs. 75, 76. Y) 
which is probably the vestige of the iith 
sternitc. The chitinisation of the local 
membrane giving rise to the sclerite is 
observed only from the II Instar. The 
paraprocts fPP) are somew^hat triangular in 
form, all the three surfaces of each being 
thinly chitinised. They represent the nth 
protopodites. The cerci (C) are blunt 
conical processes representing the nth 
exopodites, 

Bodenheimer (1929) has shown in his 

studies on this locust that the hoppers 

usually undergo their moult just when 

they have doubled their size and volume 

Fig. 78. Lateral view of ^eniMe compared with the preceding Instar. Data 
valves showing valvifer X 7. ^ ^ ^ 

DV— Dorsal valve. IV—Inner given below in i espect of the female valves 
valve. W—Ventral valve. . , , . , 

VL— Valvifer. confirm the view reached by that author. 

Table giving the length-meaeurements of the female valves in the various Instars 


.17 m.m, 

.22 m.m. 

.05 m.m. 

Male Stages 

Unlike the female, the 8th sternum and its appendages of the male 
take no part in the formation of the male genitalia. Their develop- 
mental fate has already been described on page 8. Unlike the 
female, the 9th sternite togethei with its laterally fused protopodites of 
the male persists as a well-developed structure throughout the posteni- 
bryonic and the adult stages ; while itp endopodites give rise to a united, 
extensive, boat-shaped and terminally bifid structure called the srncoxite 
(Crampton, 1925), also called as the subgenital plate, which remains at- 
tached to the posterior margin of the sternite. The loth sternal region 
shows a tendency to shorten and pass under the syncoxite of the 9th 
sternitc. Towards the end of the embryonic stage, the lOth sternite 
disappears completely. Of its appendages, only the protopodites persist 
which develop into the ventral valves of the male genitalia. 


Instar 

Ventral valves 
Dorsal valves 
Inner valves 


II 

III 

IV 

V 

Adult 

.35 

.71 

1.42 

2.70 

5.32 m.m 

.46 

.96 

1.86 

3.42 

G . 34 mm 

.12 

29 

.62 

1 1.22 

1 2.43 m m. 
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Instar I (Fio. 79) 

The gth sternite (S9) is well-developed. Its endopodites are indistin- 
guishably fused with each other, and thus form the syncoxite (SN). Only 
their tips remain separate giving rise to a bifid structure. The suture 



Fia. 70. Male first Instar. x 32 
PP— Paraproote. S 9 —Ninth 
sternite. SN — Syncpxite. W — 

United ventral valves (hidden Fia. 80. Male second Instar. X 30. 

under SN). Lettering as in Fig. 79. 

joining the syncoxite with the sternite is incomplete medially. There is 
no trace of the loth sternite. Its protopodites, hidden under the gth 
syncoxite, unite with each other along a median suture, and thus jointly 
represent the ventral valves (VV) of the male genitalia. 

Instar II (Fig. 80) 

The syncoxite elongates in a posterior direction. The united ventral 
valves (VV) begin to get chitinised. The intermediate membrane 
between the ventral valves and the paraprocts shows a small median 
aperture which represents the male genital opening. 

Instar III (Fio. 81) 

The syncoxite elongates more and more posteriorly. The ventral 
valves become still more chitinised. The intermediate membrane shows 




Fia. 81. Mala third loatar, x20> Fia. 82. Male/aur/il Initar. xX^ 
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a secondary chitinisation round th^ male genital aperture, particularly 
on the dorsal side. The chitinised area represents the rudiments of the 
dorsal valve. Postern-dorsal to the rudimentary dorsal valve, the inter- 
mediate membrane shows a depression on the floor of which develops 
a slightly chitinised area, the rudiments of the epiphallus. 

Instar IV (Fig. 82) 

The intersegmental membrane between the distal end of the syncoxite 
and the base of the united ventral valves grows extensively and is known 
as the pallium. The rudiments of the dorsal valve and the epiphallus 
increase in area and become more chitinised. 

Instar V (Fio. 83) 

The syncoxite extends posteriorly as far as the tips of the paraprocts. 
The ventral valves assume a definite hood-like or wig-like ferm. The 
dorsal valve also becomes more chitinised, and sends from its basal cor- 
ners a pair of chitinous apophyses within the body-cavity for muscle- 
attachment. The genital tube takes a definite position between the 
dorsal and the ventral valves. The membranous rim of the genital 
opening becomes slightly chitinised. No other structures of the penial 
apparatus are developed as yet. 



Adult Stage (Figs. 84, 85, 86, 87, 88, 89, 90) 

The syncoxite of the adult stage (Fig. 84. SN) extends much beyond the 
paraprocts. It is a very prominent structure, boat-shaped in form 
bifid at the apex, and convex externally. Morphologically, it is formed 
by the fusion of the gtk endopodites. Walker (1922^ names it as the “coxo- 
sternum;*’ while Crampton (1925) designates it as the “syncoxite.” 
But both these terms appear to be rather misleading, in view of the ^- 
ferent homology of the structure concerned. The term “subgcnital 
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plate,” though a little lengthy, is however more significant, particularly 
from the descriptive point of view. On account of the excessive develop- 
ment of the syncoxite in the adult stage, the genital area is gradually 
shifted from the ventral to the antero dorsal position. Consequently all 
the principal structures of the male genitalia lie within the cavity of the 
syncoxite which, therefore, automatically, becomes the subgenital plate 
(Figs. 84, 85). The pallial and the intermediate membranes are exten- 
sively developed, which by means of their hood-like folds close over the 
genitalia and thus conceal them from view. 



Fig. 86. Mid-vertical section through genital and anal regions of male adult 
(semi-diagrammatic). >16. 

AN — Anus. T)V — Dorsal valvular sclerite. EJ — Ejaculatory duct. EP — Epi- 
phallus. GO — Genital opening. HN — Horn-shawled octoparamere. MC — Membran- 
ous apodeme. PL— Pallial membrane. PM — Endoparamere. PP — Paraproots. SC — 
Spermatophore sac SGC — Supra-genital cavity. SGP — Subgenital plate. Tiq, Tn 
— Segmental tergites. V V — United ventral va1 ves . 

The male genitalia consist of (i) the united ventral valves, (2) the dorsal 
valve, (3) the penial apparatus and (4) the epiphallus. 

i) United Ventral valves (Figs. 85, 86, 87. VV) : 

Morphologically, the valves (VV) are formed by the loth pair of proto* 
podites united with each other along their mcsal inargins to develop into 
a single, convex, wig-like, valvular structure with a broad crescentic 
base The line of union is marked by the presence of a median suture 
(SU)^ with a strong corresponding internal ridge. The basal corners of 
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the united ventral valves arc movably attached to the shoulders of the 
dorsal valve (Fig, 86). From the crescntic base of the ventral valves 




Fio. 86. Jlfa/e gfeyu’toZia, dorsal view. x25. « o- m »• a i • «« 

Ap-Apophywe. OV-Dorsal valvular 87. ifaZe genitoZwi. ventral view. x22. 

collar-like sclerite. EJ~ Ejaculatory duct SC—Rporraatophore sac. »SU — Suture 
GO — Genital opening. PM — Endoparameres. uniting ventral valves. Other lettering 
W — ^United ventral valves. »» ^n Fig. 80. 


arises a membranous apodeme (Fig. 85, MC) which hangs freely within 
the cavity of the boat-shaped syncoxite and serves for muscle-attach- 
ment. The muscles attached to this apodeme regulate the movement 
of the united ventral valves which are pulled backwards so as to make 
the partially shielded penial apparatus project out during copulation. 
The inner side of the valve is lined by a thin ample membrane which 
spreads between them and the distal region of the penial apparatus. 


2) Dorsal valve (Figs. 85, 86, 87. DV) : 


The dorsal valve (Tont posterieur* of Chopard, 1920) is not, in point of 
fact, a valvular structute. It is formed of a strongly chitinised, collar- 
like sclerite, surrounding the distal region of the penial apparatus and 
firmly cemented to it on all sides. The dorsolateral corners of this 
sclerite, which are rather broad and shoulder like, serve as fulcri for the 
movement of the ventral valves, as mentioned above. These corners 
are produced within the body-cavity in the form of a pair of a strongly 
chitinised apophyses (AP). The muscles attached to these apophyses 
control the in-and-out movement of the penial apparatus. Morpholo- 
gically, the dorsal valvular sclerite is the product of a secondary chitini- 
sation of the intermediate membrane situated between the united ventral 
valves and the paraprocts. 

3) Penial apparatus [Aedeagus) (Figs. 85, 86, 87, 88, 89) : 

The penial apparatus consists of four different structures which are all 
firmly cemented to one another. They are as follows : — 


{a) A pair of elongated and vertically flattened plates called the 
parameres (Fig. 88. 4 PM) . They are fused along their mid-ventral margins 
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are immovably fixed to one another, so that they all work as a single 
compound organ against the united ventral valves. 


p.[Tar > 1 ing the homology of the penial structures, it may be stated 
that they all arise as the product of a secondary chitinisation of the inter- 
mediate membrane between the united ventral valves (loth protopodites) 
the paraprocts (nth protopodites), in order to protect and streng- 
then the°egmn of the male genital opemng. Else (1934) rega^s these 
sStm-« including the epiphallus as put-growths of the loth abdominal 
sternum, a view which appears to be highly improbable, and which is not 
borne out by observations made in S, gtegavia. 


4) Epiphallus (Figs. 85, 90. EP) : 

It consists of three chitinised plates and a pair of strong hooks, all 
situated on the floor of the supra-genital cavity (Fig. 85. SGC) which in it- 
self is formed as the result of the folding of the ample intersegmental 
membrane above the genital region. Of the three plates, the medium 

sclerite (M) which is the 
largest, is placed trans- 
versely on the floor and 
has its anterior corners 
drawn out in the form 
of rounded lobes (D). 
The remaining two scle - 
rites (L) are smaller in 
size, somewhat triangu- 
lar in form, and occupy 
the flanks on either side 
of the median plate. 
From the posterior cor- 
ners of the median scle- 
rite arises a pair of coni- 
cal, hooklike processes (VP) which stand out at an angle to the median 
plate. They are known as the ‘*hook-likc depressors’* of the epiphallus 
(Boldyrev, 1929). 



Fig. 90. Epiphdttua. X26. 

D— Dorsal lobe. L — Lateral solerite. M — Median solerite. 
VP— Ventral hook-like process. 


According to Boldyrev, the epiphallus plays its part in the process of 
copulation. It “serves firstly to raise the subgenital lamina (plate) of the 
female into a vertical position, and secondly to compress the anal region 
of the male.” 


Walker (1919) names the epiphallus as the “pseudosternite,** vdthout 
however stating its exact homology. Morphologically, it is found to 
be the product of a secondary chitinisation of the intermediate membrane 
between the paraprocts and the penial apparatus. From this, one may 
therefore venture to say that it almost represents the nth abdominal 
sternite of the male. 


PERIANAL REGION 

The study of the development of the terminal abdominal tergites is 
productive of certain interesting facts. It has already been pointed 
out that the number of abdominal segments of the embryo of S, gregaria 
is eleven, and c^prrespondingly theie are only 1 1 tergal sclerites. But in 
the postembryomc and adult stages of the locust, one however finds 
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twelve t( rgal lilates instead of the original eleven. This has often led 
to a good deal of confusion regarding the actual number of abdominal 
segments in insects. It is therefore necessary to investigate this question 
as to whfti and kow this^ modification from eleven to twelve tergites takes 
place in the ontogenetic history of the insect under study. 



Fig. 91. First Instar hopper, just 
after intermediate moult. X34. 
C — Cercus. SAP— Supra -anal jilato. 

I — Segmental tergites. 



Fig. 92. First Instar, about 2 hours 
after intermediate moult X 34. 
SU — Secondary sutures dividing 
tenth tergite (Tj o). 


If a freshly hatched hopper of the I Instai be examined under the 
binocular microscope, one finds only eleven tergal scleritcs, the eleventh 



being the supra-anal plate (Fig. 91. SAP, Tii). But an examination 
of the same hopper, only a few hours latei , reveals the presence of a pair 
of secondary folds or sutures (Fig. 92. SU) on the surface of the loth 
tergite (Ti o). The folds in question arise in the angle of the cercus pit, 
and run diagonally in a meso-cephalad direction. In a later stage of the 
same Instar, the folds, on either side meet one another, forming an arch 
and thus falsely dividing the loth tergite into two distinct sclerites 

II (3) 
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(Fig. 93). Failure to trace correctly the origin of these folds dividing the 
primary loth tergite into two secon^ry sclerites, has obviously led many 
a morphologist to miscount the number of abdominal tergites of Orthop- 




tcroid insects. It appears to be particularly so in the case of those who 
have been advocating the theory of a 12-segmented abdomen of insects. 

Of the two secondarily formed sclerites of the loth tergum, the proxi- 
mal one is narrow in the mid-dorsal region and broad laterally. It 
is immovably connected with the 9th tergite by means of the interseg- 



mental suture which is incomplete laterally in the adult stage (Fig. 84)^ 
The distal sclerite of the loth tergite is somewhat pentagonal in form. 
The intersegmental suture between it and the i ith tergite is persistent in 
all the stages of the female locust (Figs. 99-104). In the case of the 
matey however, the suture in question shows a tendency to gradual dis- 
appearance through the post-embryonic Instars (Figs. 91-97), and in the 
adult stage it is almost obscure except for the vestigial lateral clefts pre- 
sent in that regiqn (Fig. 98). 
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The nth tcrgitc known commonly as the supra-anal plate (SAP, Tj x) 
shows certain variations in its shape in the two sexes. In the male the 



tergite in question is somewhat dome-shaped in the I and II Instars 



Fig. 101. Female third Instar. X26. Fig. 103. Female fifth Instar. xlO. 


(Figs. 93, 94). In the III, IV and V Inslars it becomes gradually sub- 



cordate and develops a bluntly 
conical tip (Figs. 95, 96, 97). 
In the adult stage (Fig. 98) 
the posteiior corners of the 
plate widen out, and between 
them projects behind a med- 
ian sharply conical process. 
In the female, the gen- 
eral shape of the supra-anal 
plate is conical, which it main- 
tains in all the stages of the 
locust (Figs. 99-104). 

Another interesting feature 
of the perianal region relates 
to the development of the cerci. 
These structures are, as already 


Fig. 102. Female /our/A Tnstar. x24. mentioned, homologous with 
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the exopoditcs of the iith pair of abdominal appendages. In the first 

Instar each cercus is somewhat 
pyramid-like in form with an 
oval base which gradually 
tapers to a conical tip (Figs. 93, 
99. C). In the case of the 
female the cercus retains this 
form in all its stages without 
any change except in size. In 
the case of the male^ however, 
the cercus becomes gradually 
flattened laterally and increases 
in size and length much more 
than in the female. The ave- 
rage length of the male cercus 
is 2.1 m.m., while that of the 
female one is 1.2 m.m. The 
cerci are all covered with long 
flexible hairs and are presumed 
to be organs of sense. In the 
dorsal corner of the base of 
Fio. 104. Fomalo adult stage. xlO. each cercus is situated a small 

sclcrite known as the basicercus 
(BC). Morphologically it is the product of a secondary chitinisation 
of the basal membrane. It is also covered with very minute scaly 
structures. 

SUMMARY 

The ontogenetic studies of the abdominal structures of S. gregaria with 
special reference to the genitalia, clarify the following points : — 

1 ) The presence of eleven abdominal segments in the embryo of the 
locust. 

2) The presence of eleven pairs of the Crustacean type of segmentally 
arranged abdominal appendages in the embryo of the locust. 

3) The fusion of the proximal appendages with the sides of the sternal 
and tergal plates in the embryo. 

4) The modification of the distal sternites and appendages leading 
to the formation of the genitalia. 

5) Great reduction in size of the loth sternite and its appendages fol- 
lowed by their meso-cephalad migration between the 9th appendages. 

6) The three pairs of valves of the female ovipositor are serially 
homologous with the paired appendages of the 8th, 9th andioth segments. 

7) The male genitalia are mostly the product of a secondary chitini- 
sation of the intermediate membrane situated between the loth and 
nth appendages, only the united ventral valves being homologous with 
the loth protopodites. 

8) The paraprocts and the cerci are respectively homologous with 

the embryonic protopodites and the exopodites of the nth pair of ab- 
dominal appendages. ^ 

9) The loth tergum is secondarily divided into two tergites in the 
early postembryo«ic stage of the locust, giving an undue cause for an 
incorrect count of the abdominal tergites. 



mSBMAt RUUOTUSES OP THB DBSBRT LOCUST 


29 




REFERENCES 

BodenliBimBr T. S« 

1929. 

Studies in epidemiology, ecology, and physiology of 
Sohistooerca gregaria. 

Boldyzev, B.Tli» 

1929. 

Spermatophore fertilization in the migratory locust 
(L. migratoria). Report on applied Entomology. 
Vol. IV. No; 1. 

dK^rd, lu 

1920. 

Recherches sur la conformation et la development des 
dernier segments abdominaux chez les Orthopteres. 
Thesis. Peris. 

CSrunpton, G. C. 

1925. 

The external anatomy of the head and abdomen of the 
Roach — ^Periplanata americana. Psyche 32. 

»» 

1920. 

Terminal abdominal structures of female insects. Jour. 
N. Y. Entom. Soc. 37, 

Etee, F, L. 

1934. 

The developmental anatomy of the male genitalia in 
Melanoplus diHerentialis. Jour. Morph. 

Foderov. 

1927. 

Studies in the copulation and oviposition of Anacri- 
dium aegypticum. Tran. Ent. Soc. London. 

Iiimi8» A. D. 

1931. 

Recunt advances in Entomology. London. 

Newell, A. G. 

1918. 

Comparative morphology of the genitalia of Insects 
Ann. Ent. Soc. Am. 11. 

Nel, R. L 

1929. 

Studies on the development of the genitalia and genital 
ducts in Insects. Quar. Jour. Micr. Sci. 

Qiiadri,M. A. H. 

1940. 

On the development of the genitalia and their ducts of 
()rthoi)teroid Insects. Trans. Roy. Entom. Soc. 

Boonwal^ M. L. 

1937. 

Studies on the embryology of L. migratoria. PhiU 
Trans. Roy. Soc. l^ondon. 

Snodgrass, R. E. 

1935. 

The abdominal mechanism of a grasshopper. Smith- 
sonian Misc. Coll. 

»» 

1937. 

The male genitalia of Orthopteroid Insects. Smith- 
sonian Misc. (k>ll. 

Vaid^, V. P. 

1929. 

Contribution a Tetudo morphologiquc et othnologiquo 
des Orthopteres Acrididde. Hull. Soc. Zool. France 
LIV. 3. 

Walker, E. M. 

1919-1922. The terminal aMominal structures of Orthop- 
teroid Insects. A Phylogenetic study. Ann. Ent. 
Soc. Am. XII. XV. 

Wheeler, W. M. 

1893. 

A contribution to insect embryology. Jour. Morph. 



A STUDY OF COLCHICINE INDUCED 
POLYPLOIDY IN PHASEOLUS 
RADIATUS L. 

By 

L. S. S. Kumar and A. Abraham 
College of Agriculture, Poona 

A bout half the spedcs of investigated angiosperms are polyploids, 
as inferred from the presence of chromosome numbers in multiples 
of that found in some related species. While this is the case in nature, 
the attempt to artificially induce polyploidy has met with any marked 
success only recently (Blakeslee and Avery, 1937). Of the many methods 
tried to uniformly double the chromosome number and thus obtain seeds 
with the doubled number, the application of the alkaloid Colchicine has 
proved to be the most efficient and the one so far found to be of the 
greatest general application. // Intensive work in this new field is in pro- 
gress in America (Blakeslee, 1941), where in a number of garden plants 
and in some crop plants artificial polyploids have been produced. But 
so far we have come across only five reports on successful application of 
Colchicine on Indian crop Plants {Cf Pal and Ramanujam, 1939 ; 
Amin, 1940 ; Richharia and Persai, 1940 ; Pal, Ramanujam and Joshi, 
1941 ; and Ramanujam and Joshi 1942). 

The present paper deals with the technique adopted in inducing poly- 
ploidy in Phaseolus radiatus L. {Mug) and a comparison of the diploid 
and tetraploid as regards certain cytological and anatomical details. 
Similar experiments on a number of other crop plants are in progress. 


Material and Technique 

The seeds of mug used for this experiment were from a sample received 
from the Superintendent, Pusa Research Station (No. i-P. 18). In the 
application of Colchicine, various methods are used (Cf Derman,, 1940). 
The optimum dosage and the best method of application of Colchicine 
varies from species to species. Kostoff and Chevalier (1939) have stated 
that cereals respond most readily to treatment, Coniposites are inter- 
mediate whiles* Legumes arc least sensitive. We tried three methods of 
applying Colchicine, with varying degrees of success. 
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(1) Seed treatment : — 

Seeds were soaked in eight different concentrations of Colchicine solu- 
tions between 0.05% and 1% and the treatment was applied for from 
24 hrs. to 48 hrs. after which they were transplanted to small earthen 
pots. An equal number with controls was transplanted in the field also. 
In all treated seeds the hypocotyl and cotyledons were swollen, the degree 
of swelling and parallel stunting of growth increasing with the dosage. 
Some of the seedlings were grown in nutrient solutions for comparison. 
All concentrations above 0.05% proved lethal, though the seedlings sur- 
vived for as long as a fortnight in some cases, without putting forth any 
fresh leaves or showing any marked signs of growth. 

Of the seeds treated in 0.05% only thre^ plants survived (Fig. 2). 
This showed considerable stunting of growth as compared with the noi- 
mal (Fig. i). Pollen examination revealed that only one branch of one 
of the plants was really tetraploid, while others remained diploid. The 
seedlings grown in culture solution showed that the root development 
was equally retarded and no secondary roots were formed. Thus the 
chief cause of failure of this method appears to be the drastic effect on 
roots. In this connection it may be noted that roots react readily to 
treatment with various chemicals and produce polyploid cells (Blakeslee, 
1941). 

(2) Bud treatment with Colchicine solution : — 

This method consisted in external application of Colchicine solution 
to the apical bud of the young seedling. Seeds were germinated in pots 
of convenient size and after the first pair of leaves had expanded properly, 
a wad of cotton wool was placed on thf apical bud and drops of Colchi- 
cine solution of 0.2 and 0.4% applied. The seedlings were covered with 
a bell jar for about 6 hrs, and occasionally additional d f ops of Colchicine 
added on the cotton wad. This treatment, like the one described below , 
allows normal root development while only the shoot portion is a fleeted. 
One tetraploid plant was obtained from ten seedlings treated in this 
manner. 

(3) Agar-Colchicine treatment of bud : — 

The method we found most successful with mug w^as applying o.^% 
Colchicine in Agar to the apical bud. Small strips of Agar (enough to 
make 2 to 3%) were boiled in 0.4% Colchicine solution in distilled water. 
When the Agar-Colchicine mixture hadjcooled to about 35°C, it was 
applied to the apical bud and to the axils of the* first pair of leaves of 
seedlings raised in pots as in the previous treatment. The Agar solidifies 
on cooling and it is best applied while warm. Drops of 0.4% Colchicine 
are applied to the Agar coating on the bud, every hour, for 4 to 6 hours. 
The Agar later dries up into a film and peels off as the bud develops. This 
treatment stunts the growth of the bud considerably and its development 
is delayed very much. By treating in the above manner we got four 
plants out of twenty definitely tetraploid, while from some others not 
examined critically, a mixture of diploid and tetraploid seeds may be 
expected. Examination of epidermis of strictly comparable leaves fthe 
first fully opened leaf below the apical bud in comparable branches) 
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showed that an at least pne {>iant octoploidy had resulted. The pollen 
of this plant was not examined and so whether it was only an octoploid 
chimera (periclinal) could not be ascertained. 

CytolOoICal Examination 

Chromosome counts were made from root tijps obtained from seeds 
of the artificial tetraploid (as determined earlier from pollen examination) 
and the diploid controls. Root-tips were fixed in “Craf” and sections 
stained in Haematoxylin according to a modification of Earle’s* (1939 
method — this staining gives a light bluish black stain to the cell walls) 
and to nuclei. After washing for about ten minutes the slides are again 
stained in gentian violet according to the usual schedule. This super- 
imposing of gentian violet stain on a light background of Haematoxylin 
gives a very contrasting preparation good for photomicrography as well as 
visual examination. In the cells of the diploid there are twenty- two 
chromosomes while in the tetraploid there are forty-four chromosomes. 
Figs. 15 and 16 are photomicrographs showing metaphase plates from 
cells of the diploid and tetraploid respectively, while Figs. 15-a and i6-a 
are Indian Ink drawings made on similar photographic prints (see Nayler, 
1931). In favourable metaphase plates in the diploid root, 2 satellited 
chromosomes were seen, though due to the smaller size of the chromo- 
somes, the four satellited chromosomes which should be expected in an 
auto-tetraploid were not distinguished in the cells of the tetraploid. But 
in prophase nuclei in many cells of the tetraploid it was found that four 
chromosomes are attached to the nucleolus thus indicating the presence 
of four nucleolar chromosomes. Also the nucleolus in the tetraploids 
is larger than in the diploid. 

In one portion of a tetraploid root we found many octoploid cells. 
This was determined both from size of cells as well as chromosome counts 
(Figs. 18 and i8-a). In root tip sections it was noticed that cell size 
and nuclear size from comparable layers usually give an indication of the 
chromosome number. But the size of individual chromosomes decreases 
with increase in number. Thus, diploid cells show the largest chromo- 
somes and octoploid the smallest, while tetraploid show intermediate 
size. 

Transverse sections of leaflets of comparable age and development show 
that tetraploids have thicker leaves, larger cells and plastids than the 
diploids (Figs. 9 and 10). This gives the leaves a distinctly greener 
appearance and is a fairly accurate guide in distinguishing affected 
branches from unaffected ones. 

Epidermis from strictly comparable leaves show^s an increase in size of 
cells and stomata in the tetraploid while the number of cells is less (Figs. 7 
and 8). 

* The slides are mordanted in a mixture of 5% Ferric ammonium sulphate and 5% 
Ferrous amonium sulphate for about 10 minutes and then stained for 1 to 2 minutes in 
Haematoxylin (} gn. dissolved in 25 00 . methyl alcohol plus 25 co. glycerine), and then 
it is distilled very well in the mordant diluted twice with water. 
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AcnoM OP Colchicine 

The observations of Nebel (1937), Nebcl and Ruttle (1938), Levan 
(1938)5 and others have shown that in a dividing nucleus, Colchicine 
inhibits the formation of the spindle without affecting chromosome divi- 
sion. Due to this failure of spindle formation the daughter chromosomes 
do not move to opposite poles and no cell division takes place. The 
original cell has a reconstituted nucleus with double the chromosome 
number. This process takes place only in dividing nuclei and Colchicine 
apparently does not affect resting nuclei. The number of times this 
process of chromosome doubling may be repeated in a cell is not known, 
but the observation of 500 to 1000 chromosomes in a single cell of Allium 
(Levan, 1938) shows that this process may take place several times. 

Growth in flowering plants is mainly by the division of a group of 
meristematic cells and as simultaneous division of all nuclei does not lake 
place even in active meristem such as is found in the apical portion of 
seedlings, some cells are affected differently from others. The result is 
that a portion of the meristem becomes polyploid while the other may 
remain diploid. This would give rise to different types of chimeras 
depending on the nature of the layer or portion affected. If the chimera 
is of a pcriclinal nature a layer of one chromosome constitution en- 
circling another), it is likely to be more stable. But if it is a mixo-chimera, 
where cells of different chromosome constitution are mixed without an 
apparent order, as growth advances branches of different constitutions 
or of a mixed constitution may be obtained. This would account for a 
large percentage of “reversion’’ we found in the branches developed from 
Agar-Colchicine treated buds. As the treatment itself would not have 
been so uniform as seeds immersed in Colchicine solution, the chances 
of differential action on the meristem are greater. It is possible that in 
such a case the mixed constitution would have continued for some time 
and later the diploid portion of the meristem assumed greater vigour at 
the expense of the Colchicine-affected polyploid portion. By the time 
flowers appeared only the diploid branches would have come up. 

In a chromosomal chimera, the chimeral condition could not be pro- 
pagated through the seed, as the embryo develops from a single fertilised 
egg and if subsequent nuclear divisions are regular, only an embryo with 
uniform chromosome number in all its cells would result. But as men- 
tioned earlier, in a root-tip from the seed of a tetraploid (Figs. 18 and 
i8-a) we found a number of octoploid cells. The origin of this octoploid 
sector could be only due to a spiontaneous doubling in one or more cells 
of the young embryo at a much earlier stage. 

While chimeras of various types could be propagated vegetatively, 
the types of offspring produced by a chimera will depend on the chromo- 
some constitution of the particular tissues from which the egg and pollen 
grain are formed. In flowering plants the layer immediately below the 
epidermis alone contributes to the formation of egg and pollen'grains. 
So, in a chimera it is this layer vrhich deterndines the character of an 
offspring. In a number of plants of mug in which the leaf epidermis was 
examined before the flowering stage, tetraploidy was expected on the 
basis of stomatal size, though pollen examination showed that in these 
cases the hypodermal layer was not affected. The work of Blakeslee 
and others have shown that periclinal chimeras could be easily induced 
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by Colchicine. Due to the difference in chromosome number each germ 
layer could be distinguished and its contribution to the developing organs 
determintwU The very interesting work of Satina, Blakeslee and Avery 
(1940) on the ontogeny of different organs in periclinal chimeras of Datura 
has already produced striking lesults and opened a new method of ap- 
proach to an old problem. They have found that there are three inde- 
pendent germ layers in the shoot apex of Datura^ the outermost corres- 
ponding to Hanstein’s dermatogen, while the layer called periblem by him 
includes the second and third germ layers. The plerome is shown to be 
only a derivative of the third germ layer. This ability to label each 
germ layer separately has shown that the generally accepted notion that 
stamen is closely homologous with petal and leaf is erroneous. It may 
be expected that many problems in developmental morphology will be 
solved by a study of induced periclinal chimeras. 


CONSEQjUENGES OF AuTO-POLYPLOIDY 

Polyploids, natural as well as artificial, are distinguishable from their 
diploid progenitors by the presence of gigas characters — ^thicker stem, 
greater vigour, thicker leaves with darker green pigmentation, and 
larger flowers and seeds, .y However, in Colchicine-induced polyploids, 
in the first generation, the plants are more stunted than the diploids. 
This is evidently due to some inhibiting effect of the drug. But it has 
been observed in a number of cases that in the second generation, the 
offspring from tetraploids show much greater vigour and are more 
hardy than diploids. ^ 

'riThe doubling of the chromosome complement naturalty means a 
doubling of the number of genes, though the genic bal ance remain s 
unaltered . But the increase in cell size and nuclear size leads to various 
alterations in the physiological needs of the cell. The effect of this is 
manifested in a decreased growth rate in the tetraploid which conse- 
quently takes longer to reach maturity and the flowering stage than the 
diploids.; Dol^hzhansky (1937) has suggested a decreased rate of cell 
division as the most probable explanation of this difference. R In dis- 
cussing the relation between chromosome size and ploidy, Kostoff (1939) 
has pointed out that “smaller nuclei, typical for the diploids can be 
better supplied by the cytoplasm with substances necessary for the growth 
and reproduction of chromosomes than the large polyploid nuclei, since 
the former nuclei have larger surface in relation to their volume than the 
latter. The decrease of the ratio nucleus surface : nucleus volume (which 
he calls ‘chromosome division co-efficient, “K,” 1940) with the euploid 
increase of the chromosome numbers is probably the main factor that 
suppresses the frec|uency of the cell division in high polyploids.” In a 
comparison of the root tip sections (see Figs. I3andi 4; we find that in the 
tetraploid, while the cells are larger, the number of cells is less than in the 
diploid. This supports the above suggestion of decreased rate of cell 
division with increase in ploidy and consequent decrease in “chromo- 
some division co-efficient.” 

In chemical constitution also the tetraploids show many differences. 
Sansome and Zilva (1933) have found that tetraploid tomatoes have 
twice as much vitamin C as the diploid. Randolph and Hand (1938) 
foimd a tetrapldid strain of maize to contain 43% more carotinoid per 
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gcam of dry meal than the corresponding diploid. This shows the 
pofsibility of increasing the nutritive value of plant products by doubling 
dbe chromosome num^r. In the present case we found aidKrease in 
size of the seeds in the tetraploid (Fig. 17). 

^ One of the important consequences of autopolyploidy is the formation 
of quadrivalents at meiosis leading to a certain percentage of unequal 
distributioil of chromosomes in the resulting gametes. This would lead 
to a reduction in fertility, which is an important factor to be considered 
in crop plants grown for seeds./ This disturbance does not occur in al- 
lopolyploids, which on that account have played a more constructive 
role in evolution. Kostoff ( 1 939) from a study of chromosome behaviour 
in a number of polyploids has suggested that when autopolyploids are 
produced for practical purposes greater success may be expected from 
plants with a small number of small sized chromosomes, as in such cases 
the chances of quadrivalent formation in meiosis is considerably reduced. 
In Phaseolus radiatus the chromosomes are small and the number not high 
(2n=22) and hence regular meiosis may be expected in the auto-tetra- 
^oid. ^ It may also be noted that natural autopolyploids in some species 
show greater physiological superiority and have proved to be even more 
successful than their diploid ancestors, in spite of the disadvantages re- 
sulting from irregularities in the chromosomal mechanism (Dobh- 
zansky, 1937). 

Now that we have a ready tool for inducing doubling of chromosomes, 
thanks to the work of Blakeslee and others, the next step is to find out 
how far the application of this discovery to crop plants would lead to 
results of economic importance. For this, many crop plants have to be 
investigated and the optimum treatment for each found out. A study 
of great importance would be to find out the differences in the physio- 
logical needs between the diploid and tetraploid undei various controlled 
conditions.^ It would also be necessary to compare the yield as well as 
differences in chemical constitution. This is a vast field of enquiry and 
the co-operation of numerous investigators is necessary before we could 
achieve results of definite value. 

Summary 

Artificial polyploidy has been induced in Phaseolus radiatus L. by Col- 
chicine treatment. The technique adopted is described in detail. 

Cytological examination showed the following chromosome numbers : 
211=22 ; 4n=44 ; 8n=88. 

Certain anatomical comparisons between the diploid and tetraploid 
are described. 

The consequences of autopolyploidy, the importance of study of chro- 
mosomal chimeras and the lines on which further work on induction of 
polyploidy in crop plants have to be done are briefly discussed. 
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EXPLANATION OF PLATES I— IV 

(Figures i— 6 are photographs of Phaseolus radiatus plants. All 
other figures, except Fig. 17, are photomicrographs of prepara- 
tions made from treated and untreated mug plants. The 
magnification of each is noted after the legend) 

Plate I 

Fig. 1 — Photograph of untreated mug plant in the field showing the bushy growth. 

Fig. 2— Plant which was treated with .05% Colchicine and grown in the field. 
Only one branch was totraploid. Note stunted growth and smaller number of branches. 

Fig. 3 — Effect of Agar-Colchicine application to the terminal bud after the first 
oompoimd leaf had developed. Compare the leaves before and after treatment. 

Fig. 4 — Untreated plant grown in pot. 

Plate II 

Fig. .5 — Tetraploid plant from Agai Colchicine treatment, grown in pot. Compare 
with previous i)hoto. 

Fig. 6 — Another tetraploid plant from the same treatment as the above one. Note 
thick crinkled leaflets and presence of four leaflets instead of the usual three. The small 
plant on the right is also of the same age and shows the extreme stunting due to the 
drastic action of the drug. 

Fig. 7 — Lower epidermis of leaf of diifloid control, x 540. 

Fig. 8 — Lower epidermis of strictly comparable leaf of induced tetraploid. Note 
increase in size in epidermal colls and stomata, x 540. 

Plate III 

Fig. 9 — Cross section of portion of a leaflet of diploid plant, x 120. 

Fig, 10 — Cross section of a comparable portion of the tetraploid. Note increase in 
size in all structures — ex)idermal colls, parenchyma cells, plastids, etc. x 120. 

Fig. H — Pollen grains (from flower just before opening) of the diploid ; mounted in 
50% acetic acid plus 50% glycerine to which a trace of iodine in potassium iodide was 
added. X 540. 

Fig. 12 — Pollen grains from tetraploid, collected from a flower of the same age and 
mounted in the same medium as the above. Note the increase in size of the grains, in 
thickness of the walls and in a few grains larger number of germ pores. X 540. 

Plate IV 

Fig. 13 — Cross section of a root tip taken from germinated seed of diploid control 
(Stained in gentian violet after hsematoxylin). x 80. 

Fig. 14 — Cross section of root tip from germinated seed of tetraploid. The two 
sections have been selected on the basis of distance from the tip as determined by counts 
of number of serial sections from the tip section upwards. X 80. Note increase in size 
of cells and decrease in their number as compared with diploid. 

Fig. 15 — Chromosomes from root tip ceil of the diploid (2n « 22). x2400. 

Fig. 16a — ^Indian Ink drawing made on a photomicrographio print to show more 
clearly the morphology of chromosomes which could not be brought out in photographing 
in one plane. Note presence of two satellited chromosomes. 

Fig. 16 — Chromosomes from root tip cell of the tetraploid (4n « 44). X 2400. 

Fig. 16a — Similar drawing as 16a to show the number and morphology clearly. 

Fig. 17 — Photograph of seeds of diploid (2n) on the left and of tetraploid (4n) on 
the right. These seeds were taken from two pods both of which contained only five 
seeds each. (Natural size). 

Fig. 18 — Chromosomes at metaphase in a <^11 of the octoploid sector in a tetraploid 
root. Note that the chromosomes are smaller in size than either of the diploid or the 
tetraploid. x 2400. 

Fig. 18a— Drawing on a photographic print to show dearly th6 nnmber (8n 88). 



INVESTIGATIONS ON THE EFFECTS OF 
COLD STORAGE ON MOSAMBI 
(CITRUS SINENSIS) 

By 

G. S. Cheema, D.Sc., I.A.S., 

Horticulturist to Government ^ B. P., PoonUy 

AND 

D. V. Karmarkar, M.Sc., Ph.D., A.I.I.Sc., 

Senior Research Assistant^ Cold Storage Research Scheme^ Kirkee 

I NVESTIGATIONS on the ‘storage life’ of mosambi and subsequent 
changes in its composition in the cold storage throw a good deal of 
light on the possibilities of these results being commercially applied 
to mosambi trade. 

It may be mentioned that mosambi is an important commercial fruit 
in Western India. It covers nearly 10,735 (1939-40) acres in the Pro- 
vince of Bombay alone. Citrus cultivation in Central Provinces, 
Western India, Madras and adjoining states covers approximately 
80,000 acres. In spite of this, orange is imported into big centres like 
Bombay from Africa, Palestine and other sources. The imported 
orange is very popular on account of its brilliant attractive orange 
colour. It is only in the month of February that light orange coloured 
mosambi fruit is available in the Bombay market. The results of 
investigations, the details of which are given in this paper, show that 
mosambi fruit could be put in the market in fairly attractive condition 
to compete with the foreign fruit. Besides, the usual glut which is often 
experienced in the market in mosambi trade can be removed by adopting 
cold storage methods. 

Cold storage trials of mosambi fruit were carried out at the Cold 
Storage Research Scheme, Kirkee, which is subsidized by the Imperial 
Council of Agricultural Research. The fruits required for the experi- 
mental trials were supplied by the Horticulturist to H.E.H. the Nizam’s 
Government in 193d £^nd 1939. 
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Previous Investioations 

Mosambi being a fruit of Western India and probably grown in some 
part of -^ica, very little cold storage research is done on it. A good 
deal of investigation has been done on oranges in general in various 
countries. A review of literature on the cold storage of oranges in 
general by one of the authors is given in the Miscellaneous Bulletin 
No. 49 of 1942, published by the Imperial Council of Agricultural 
Research. It is, however, interesting to note here that Van der Plank 
and others* in South Africa have investigated that a temperature within 
the range of gave a good colour and almost all greenness of 

orange was removed. At 45®F. the colouring was very slow and at 39°F. 
there was hardly any colour. Leonard and Barker® have observed 
that green fruit ripened at 45®F. in storage. The ripe fruit lost its 
flavour and taste at this temperature. But it is not clear if the green 
fruit when it ripened developed orange colour. Chen^ reports that thick 
skinned oranges with high acid and solid contents had better keeping 
qualities. This paper which exclusively deals with the storage life of 
mosambi gives prominence to the good effect of cold storage in regard 
to the development of colour and also the relation of storage to the 
quality of fruit in general. 

Effect of Storage on the Development of Colour at 
Different Temperatures 

Investigations show that the optimum temperature of storing mosambi 
is 40°F. At this temperature the fruit could be stored in saleable con- 
dition for four to five months. At 35°F. the fruit showed pitting of p)eel 
after a month’s storage. At 40®F. the fruit slowly changed its colour 
and became yellow after four months of storage. The fruit developed 
uniform yellow colour after a month’s storage at 52®F. and after two 
months it developed a bright orange colour and the fruit retained its 
fresh appearance. At this temperature an improvement in the colour 
of the juice was also noticed. I.arge fruit appeared to keep better than 
small fruit. At 68®F. the fruit changed colour after about a month but 
the skin wilted, the fruit became soft, and the juice gave fermenting odour. 

In 1938 the fruit did not show any rotting during the first four or 
five months but in 1939 the fruits stored at 40®F. showed pitting of the 
skin after two months of storage. 

Changes in Composition During Storage 

The percentages of pulp and peel, the juice content of the fruit, the 
specific gravity, solid content and acidity of the juice were determined 
after every month during storage at 52®F. and 40®F. Each sample 
consisted of ten fruits. The total w’eight of the sample was recorded. 
The fruits were then cut into halves and the juice was obtained by means 
of an ordinary lemon squeezer. The juice <wp filtered through thin 
muslin cloth and the total volume of the juice was measured. The 
“rag” from the pressed halves was carefully scraped out and the weight 
of the clean peel was obtained. The total weight of the fruit minus the 
weight of the pe.el was taken as equal to the weight of the pulp. The 
percentages of pulp and peel in the whole fruit were then calculated. 
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The quantity of juice per lOo gm|. of fruit ym calculated. The specific 
gravity of juice was determined at 68 °F. by using a hydrometer. The 
solid content was determined by drying lo cc. of the juice in a steam 
oven. The acidity was obtained by titrating 25 cc. of the juice sample 
with ^ sodium hydroxide, using phcnolphthalein as the indicator. 
The acidity has been expressed in terms of cc. of ^ sodium hydroxide 
per 100 cc. of the juice. 

The data obtained in the above analyses are given in Table I. 


Table I 

Change in Composition of Mosambi Orange during Storage at 5^° and 40^F. 


Period of 
storage in 
months 

i 

Percent- 
age of 
pulp 

Percent- 
age of 
peel 

Quantity 
of juice 
in 00 . 
per 100 
gms. fruit 

Specific 
‘gravity 
of juice 
at 68°F. 

Solid con- 
tent in 
gms. per 
100 cc. 
of juice 

Acidity in 
terms of 
00 . of 
.^NaOH 
per 100 

CO. of 

juice 

Fresh 

76 

25 



8.01 

31 




Stored at 62®F. 



1 

76 

25 

41 1 

1.038 

8.88 

31 

2 

74 

26 

38 

1.036 

8.41 

28 

3 

73 

27 

37 

1.038 

8.46 

30 

4 

69 

31 

30 

1.031 

8.65 

35 

5 

64 

36 

24 

1.032 

8.L5 

•• 




Stored at 40®F 



1 

74 

26 

40 

1.037 

8.78 

32 

2 

72 

28 

38 

1.037 

9.09 

36 

3 

74 

26 

37 

1.036 

8.88 

34 

4 

68 

32 

28 

1.037 

8.33 

31 

5 

71 

29 

37 

1.306 

8.48 

* • 


The data showed that the specific gravity, solid content and acidity 
did not show any marked change during storage either at 52® or at 
40°F. The data showed that although the fruit stored at 52®^. for 
four and five months appeared to be quite fresh, it had lost its juice to 
a considerable extent. 

Loss IN WbXOHT DtJlUNO SxORACffi 

Two samples of ten fruits each of uniform size were kept in trays 
at 52® and 40®F. and the Ices in weight was determined by weighing 
the saixqpks every tsmQ weeks during the storage period. The results 
are given in Tsbfe fl. 
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Table II 


Loss in Weight of Mosamhi Orange during Storage at jp® and ^o^F, 


Period of 
storage in 
weeks 

Percentage loss in weight 

Percentage loss 
at 62®F.: 
Percentage loss 
at 40®F. 

62°P 

40°F. 

2 

.3.0 

2.1 

1.42 

4 

6.0 

4.6 

1.30 

6 

8.3 

6.9 

1.40 

8 

10.8 

7.4 

1.46 

10 

13.6 

8.9 

1.51 

12 

15.8 

10.9 

1.45 

14 

17.6 

12.3 

1.42 

16 

.... 

14.6 

i 



The increase in the percentage loss in weight at both the temperatures 
was steady and the ratio of the two percentages also did not show much 
variation. The external appearance of the fruit at both the temperatures 
was sound and theie was no shrivelling of the peel. The greater loss 
in weight of fruit stored at 52°F. may be due to the partial desiccation 
of the pulp. It w'as noticed that in the fruit stored at 52°/''. for four and 
five months, the pulp near the stem-end became considerably dried up, 
while in the fruit sto»*ed at 40°F. the pulp near the stem-end was only 
slightly affected after four months. It was found that in the fruit stored 
at 52 °F. for four and five months the quantity of juice from the upper 
halves (stem-end side) was considerably less than that from the lower 
halves. The data are given in Table III. 


Table III 


Relative Juice Contents in Halves of Mosambi Fruit 



Quantity of juice per 1 

00 gms. of fruit 


Upper 

Lower 


cc. 

cc. 

4 months 

23.8 

34.6 

5 months 

18.4 

29.1 


It appeared possible that the loss of moisture from the pulp near the 
stem-end could be prevented by covering up the stem-end portion with 
vaseline or melted paraffin w^ax. Vaseline was applied to the stem-end 
portion of thirty fruits before storing them at 52 ‘T. On examination 
of the fruit after four months of storage it was found that the application 
of vaseline was of no advantage as the pulp near the stem-end became 
as much desiccated as in the fruit stored without the vaseline treatment. 
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The losses in weight at 52®F. of the fruit with and without the vaseline 
treatment were determined and the results arc given in Table IV. T^c 
ratio of the percentage loss in weight of the fruit without the vaseline 
treatment to the percentage, loss in weight of the fruit treated with 
vaseline did not vary appreciably during the period of the experiment. 
Assuming that the difference between the two corresponding values was 
due to the loss in weight through the stem-end of untreated fruit, the 
value of this ratio indicated that only about one-eighth of the loss in 
weight occurred through the stem-end portion. Hence the application 
of vaseline to the stem-end portion did not appreciably reduce the loss 
of moisture from the pulp near the stem-end. 

Table IV 

Relative Loss in Weight of the Fruit With and Without the Application of Vaseline 

to the Stem-end Portion 


Period of 
storage in 
weeks 

Percentage 

Without 

vaseline 

loss in weight 

With 

vast*Iine 

Percent loss 
in fruit with- 
out vaseline : 
Percent loss 
in fruit with 
vaseline 

2 

3.63 

3.10 

1.12 

4 

0.44 

6.72 

1.13 

6 

9.13 

8.03 

1.14 

8 

11.79 

10.36 

1.14 

10 

14.58 

12.76 

1.14 

12 

17.63 

16.34 

1.14 

14 

20.69 

18.03 

1.15 

16 

23.92 

20.72 

1.16 


Relation of Size of the Fruit to its Storage Behaviour 

During the storage trials in 1938 it was observed that at 52°F. the 
large fruit appeared to remain in a better condition than the small 
fruit after two months of storage when the small fruit began to get 
shrivelled and the appearance of the fruit became dull. It has been 
found by Karmarkar and Joshi^ (i94ij Ind. Journ. Agri. Sci., 10 , 
102 1 -1029) that the loss in weight of small mosambi fruit was greater 
than that of large fruit. It was, however, noticed that large fruit lost 
more juice from the pulp than the small fruit. In 1939 two samples of 
large (weighing between 280 and 310 gms.) and small (weighing between 
190 and 210 gms.) fruit, all individually weighed and numbered, were 
stored at 52®F. The percentage of pulp and peel were determin^ 
after 3 and 4^ months of storage. Ten fruits were first weighed (fresh 
weight) and then used for the analysis in each case. The data obtained 
arc given in Table V. 
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Table V 


Relative Changes in the Percentages of Pulp and Peel in Large and Small 
Mosambi Oranges during Storage at 


Period of 1 

Storage 

Percentage 
loss in 
weight 

Percentage of pulp 1 


Fresh 

weight 

Original 

weight 

Fresh 

weight 

Original. 

weight 



1 Large fruit 



Fresh 



80.5 


19.5 

3 months 

i 4.2 

76.7 

64.9 

24.3 

20.7 

4} months 

22.9 

74.0 

57.6 

25.4 

19.6 



•Small fruit 



Fresh 



80.5 

.... 

X9.5 

3 months 

17.8 

80.2 

65.9 

iois 

16.2 

4J months 

26.8 

( 

79.3 

68.1 

20.7 

15.4 


The percentages of pulp and peel in the large and small fruits were 
equal in the fresh condition. The data showed that in the large fruit 
the percentage of peel, calculated on the original weight basis, did not 
show any significant change but it showed a considerable increase 
when calculated on the fresh weight basis. In the small fruit, on the 
other hand, the percentage of peel, calculated on the original weight 
basis, showed a definite decrease but it did not show any marked change 
when calculated on the fresh weight basis. The percentage of pulp 
in the large fruit showed a considerable decrease when calculated on 
the original weight basis and this decrease was approximately equal to 
the percentage loss in weight. This meant that the total loss in weight 
of the large fruit was entirely from the pulp and that the peel remained 
unaffected. In the small fruit the percentages of pulp and peel, cal- 
culated on the fresh weight basis, remained practically unaltered. The 
loss in weight took place proportionately both from the pulp and the 
peel. The difference in appearance between the la ge and the small 
fruits stored at 52°F. was, therefore, due to the fact that in the large 
fruit the peel remained unaffected during storage (except for the change 
of its colour) while in the small fruit it lost moisture, became shrivelled 
and appeared dull. 

Nature of Wastage during Storage 


During the 1938 storage trials practically no rotting was observed 
either at 52° or at 40°^. for four months of storage. During the 1939 
storage experiments it was noticed that some of the fruit stored at 40®F. 
exhibited pitting around the stem-end after two months of storage. 
The fruit stored for a month at 52°F., until it developed a good colour, 
and then transferred to 40°F. also showed pitting during storage at that 
temperature. The pitting appeared as sunken brown patches and, in 
the initial stages, was confined to the peel only, the pulp remaining 
unaffected. The fruit, however, lost its market value on account of 
the blemished appearance. On prolonged storage the pitted areas 
served as centres for the development of blue and green moulds and in 
the end the fruit rotted. At 52®F. the fruit was in a perfect sound con- 
dition aud there was no blemish or wastage for three months. After 
this iDeriod a few fruits showed stem-end rotting. The portion of the 
peel around the stem-end first became soft, brown and watery and 
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later blue and green moulds appeared* The total wastage on thia 
account was about lo per cent after four months of storage. 

Keeping Quauty of the Fruit after Removal from 
Cold Storage 

Some fruits were removed after three months of storage at 52® and 
40®F. and were kept at room temperature (70®- 100®). A dozen fruits 
were packed in a small basket and kept in an experimental transport 
van. The fruits remained in good condition for four to six days. After 
a week the fruit kept at room temperature shrivelled, and the peel 
became tough and the juice gave a slightly fermenting odour. 

Summary 

1. The results of the cold storage investigations on Mosambi fruit 
conducted in 1938 and 1939 at the Cold Storage Research Scheme,. 
Kirkee, of the Imperial Council of Agricultural Research, are described.^ 

2. Mosambi fruit which is usually of a pale yellow colour developed 
a nice orange colour after two months of storage at 52®-F. At this 
temperature and at 40°F. the fruit could be kept in sound condition for 
4-5 months, but in 1939 the fruit kept at 40®/^. showed some pitting, 

3. Determinations of the specific gravity, solid content and acidity 
of the juice did not show any marked change as a result of storage at 
52® and 40®F. The data showed that although the fruit at 52®F. 
appeared quite fresh after four and five months of storage, it had lost 
its juice to a considerable extent. 

4. At 52°-F. the desiccation of the pulp was found to take place near 
the stem-end and the desiccation could not be stopped by applying 
vaseline to the stem-end portion. 

5. The size of fruit was found to be very important in storage at 
52®F. The data collected showed that in big fruits the peel remained 
unaffected and so the fruit appeared quite fresh, while in small fruit it 
lost moisture, the fruit shrivelled and appeared dull. The former lost 
more juice than the latter. 

6. Fruit removed from cold storage after three months storage at 
52® and 40®F. could remain in good condition for 4-6 days at ordinary 
room temperature. 
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THE INFLUENCE OF CELLULOSE IN THE 
NITROGEN STATUS OF THE SOIL 

By 

Rev. G. PALAaos, S.J., Ph.D., D.D., 

AND 

J. V. Bhat, M.Sc., Ph.D. 

Microbiology Department, St. Xavier's College, Bombay 

E mpirically it was found long ago that, to allow the stumps of 
crops to remain in the fields and then thereafter to plough these 
up so that they get intimately mixed with the upper layers of the 
soil, contributed considerably to maintain the fertility of the soil. 

From scientific observations we find that denitrification in soil occurs 
in relation with the following four conditions : 

(i) the presence of certain species of bacteria ; 

(a) a supply of nitrates ; 

(3) a considerable amount of easily assimilable organic matter ; 

(4) partial or complete ansrobiosis. 

The first condition mentioned above is established in the case of the 
so'called dry manures by the presence of straw which support an abun- 
dance of the denitrifying species of bacteria. It is a well known fact that 
denitrification is quite possible under anaerobic conditions wherein aerobic 
organisms are active in removing the oxygen for their energy require- 
ments from the nitrates and nitrites and that the amount of salts de- 
composed is proportional to the amount of assimilable carbon compounds 
available. By pot experiments it was observed by many workers that 
the addition of undecomposed farm-yard manure to soil resulted in the 
removal of nitrates. Similar results were obtained by the addition of 
chopped straw in large quantities to soils containing nitrates. Both of 
these bad effects were attributed to the presence of denitrify!^ bacteria 
which the dead organic material contained. At the tame time it wai 

n(a) 
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found that well rotted dung, when ploughed into the soil, had no denitri- 
fying effect, and so the conclusion drawn therc&om was that the factor 
responsible for denitrification was the undecomposed organic matter 
and not the denitrifying bacteria alone. Murray* on the other hand, 
has pointed out that the addition of straw, although it had a harmful 
effect on accumulated nitrates, did not cause a loss of Nitrogen to the 
soil as the actual estimation revealed. According to him, straw also 
acts as a source of energy for Nitrogen fixing bacteria, which seems 
obvious enough ; the amount of straw, however, does not in any way 
influence the amount of Nitrogen fixed. 

Desai^ also asserts that Nitrogen fixation does take place when 
straw or any other organic matter is added to the soil under favourable 
condition of temperature and moisture if sufficient time is allowed for 
their activity. Further proof of this statement is also afforded by other 
workers who have shown that the addition of the straw stimulated 
Nitrogen fixation in soil. 

After the foregoing we presumed that the plant remains must have 
some definite and peculiar influence on the process of weathering. In 
our case the straw itself which deserved to be closely investigated had 
no special purpose to serve as we had to perform experiments with sterile 
Scries, and so we restricted ourselves to using pure cellulose (in the form 
of filter paper) to study its influence on the Nitrogen status of the soil. 


Experimental 

Apart from the control samples (for determining Nitrogen contents 
at the starting point) there were in all 72 experimental soil samples 
(5 grams each) contained in Erlenmeyer flasks provided with bacteriolo- 
gical cotton-wool plugs. These were divided into 2 series of 36 flasks 
each, and were tagged as the control series and the cellulose series. 
From each of the 2 series, 18 samples were sterilized and these consti- 
tuted the “sterile set’* and the remaining made up the “non-sterile set.” 
Out of each of the two sets of both the series, 6 soil samples were rendered 
in a semi-saturated state by the addition of 3 cc. of sterile ammonia-free 
distilled water in each of them, and another group of 6 samples from 
every set was water-logged by the addition of 25 cc. of the same water 
aseptically. Then all the 72 soil samples were exposed in 3 groups to 
3 different light- weather conditions, viz,, direct sunlight, diffuse sun- 
light and darkness for a period of 60 days. Then the Nitrogen contents, 
both total and soluble, of the specific samples were estimated by a 
standardised and modified Kjeldahl method; the values obtained for 
5 ^ams of the soil were expressed as so many parts of Nitrogen per 
million parts of the soil. 

The following tables will indicate the losses recorded in each of the 
differently treated samples of both the series under the 3 different light- 
weather exposures. 
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I. DiRECrr SuNUGHT 

Losses in Nitrogen contents expressed in parts per million parts of the soil : The 
-]rsign before the figures indicates a gain in Nitrogen 



2. Diffused Sunlight 


Losses in Nitrogen contents expressed in parts per million parts of the soil : The 
+ sign before the figures indicates a gain in Nitrogen 



3. Darkness 

Losses in Nitrogen contents expressed in parts per million parts of the soil : The 
+ sign before the figures indicates a gain in Nitrogen 



The conclusions drawn regarding the influence of ^llulose on the 
Nitrogen status (other conclusions have been stated in our previous 
article) arc as follows : 
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1. The presence of cellulose definitely appears to have a protective' 
influence on the status of Nitrogen in the soil as indicated by the smaller 
losses recorded for the Nitrogen contents of samples containing cellulose. 
CJellulose, in other words, retards the nitrogenous losses of both jkinds — 
total Nitrogen and soluble Nitrogen — attributable to microbial and 
light-weather influences, except in the case of total Nitrogen samples 
exposed tmder darkness in a water-logged and semi-saturated states. 

2. Under all light-weather conditions, the presence of cellulose in 
the soil is decidedly beneficial from the point of view of soluble Nitrogen 
content. In fact in many cases of non-sterile samples an increase in 
soluble Nitrogen content is observable. 

3. Samples kept in water-logged state and exposed under direct 
sunlight and diffused sunlight show an enormous increase in both the 
total and soluble Nitrogen contents. This is clearly attributable to the 
Nitrogen fixation process that may take place under water-logged state 
in non-sterile samples. 

4. Taking water soluble Nitrogen as a criterion of fertility, the 
presence of cellulose far from being in any way disadvantageous, actually 
improves the status of Nitrogen in the soil, and as such may be, in fact, 
a factor contributing to soil fertility. 
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LOSSES IN SOIL NITROGEN CONTENTS 

Ifl Relation to Varying Periods of Exposure 
to Different Light- Weather Conditions 

By 

J. V, Bhat, 

Microbiology Department^ St. Xavier^ s College^ Bombay 

I N a previous article (Jour. Univ. Bom. Vol. X, Part 5, Sec. B, pp. 70- 
72) It was shown that the soil when exposed to diffused light suffers 
loss both in its total and soluble Nitrogen contents and that it is even 
possible to measure this daily rate of loss. It was further shown that the 
loss occurring during the first 24 hours of exposure is at its maximum 
and that thereafter there is a progressive decrease in the rate of loss of 
Nitrogen contents corresponding to the diminution in the total and 
soluble amounts of Nitrogen present in the soil. In this article an 
attempt is made to reveal the status of Nitrogen contents in soil samples 
when the samples were exposed to direct sunlight, diffused sunlight and 
darkness, under dry, semi-saturated and water-logged states, for exposure 
periods of 30, 60 and 100 days respectively. 

Experimental 

Apart from the control sets (for estimation of Nitrogen contents at 
the starting point) 108 Erlenmyer flasks, provided with bacteriological 
cotton plugs and each containing 5 gms. of the experimental soil samples 
(air dried and passed through a 20 mesh sieve) were taken-, and 54 of 
them were sterilized by autoclaving for three days. The sterilized 
samples constituted the “sterile set” and the others constituted the 
“non-sterile set.” Out of each of the two main sets 18 samples — sub- 
set — ^were meant for exposure to different light-weather, such as direct 
sunlight condition, for 30 days, another 18 samples for exposure for 60 
days, and the remainiM for a long exposure of 100 days, and theV were 
marked accordingly. Out of each of the 18 samples meant for different 
periods of exposure from both the sets, 6 soil samples were rendered in 
a semi-saturated state by the addition of 3 cc. of sterile ammonia-free 
distilled water in each of them, and another slides of 6 samples from 
every group were water-logged by the addition of 25 cc. of the same 
water aseptically. When the sets were ready the soil samples were 

n(6) 
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exposed to direct light, diffuse light and darkness. One sub-set from 
each main set constituting a complete series of experimental samples, 
meant either for the exposure period of 30 days, 60 days or 100 da)^. 

After exactly 30 days one scries of experimental samples was taken 
and their Nitrogen contents — hoik total and water soluble — ^were 
estimated by the modified and standardised Kjcldahl method ; the 
values obtained for Nitrogen were expressed as so many parts of Nitrogen 
per million parts of the soil and these results were compared with those 
obtained for the soil samples analysed after 60 days and 100 days of 
exposure. The results obtained are mentioned in the following tables 
and the main conclusions drawn are discussed under each light-weather 
condition. 


I. Direct Sunuoht : Non-Sterile Series 


Losses in Nitrogen contents expressed in parts per million parts of the soil 


Moistnre 
condition of the 
soil 

30 da3r8 

exposure 

60 days 

exposure 


Tot.N 

S 0 I.N 

Tot.N 

S 0 I.N 

Tot.N 

Sol.N 

Dry 

308.72 

180.32 

432.64 

276.00 

449.48 

318.92 

Semi-saturated 

360.36 

204.32 

398.72 

258.88 

432.64 

318.92 

Water-logged 

220.76 

166.60 

263.68 

180.32 

280.04 

204.32 


2. Direct Sunlight: Sterile Series 


Moisture 
condition of the 
soil 

30 days 

exposure 


xposure 


exposure 

Tot.N 

Sol. N 

Tot. N 

Sol.N 

Tot. N 

Sol. N 

Dry 

107.16 

34.44 

168.36 

41.44 

196.28 

43.72 

Semi-saturated 

65.56 

12.44 

189.32 


213.84 

27.72 

Water-logged 

56.40 

41.43 

96.28 

55.44 

121.36 

69.16 


Discussion 

From the above two tables it becomes evident that the fall of the total 
Nitrogen in both the series (sterile and non-sterile) is the highest during 
the first 30 days of exposure, a little less in the next 30 days and still less 
in the next 40 days of exposure ; this indicates that the decrease in the 
rate of losses in Nitrogen keeps pace with the decrease in the Nitrogen 
quantity present in the soil. Or in other words the depleted soil seems 
to develop an increased retentive power as the total Nitrogen decreases. 
This is true in all the sterile series, the semi -saturated samples for total 
Nitrogen affording an exception in that in their case the highest loss in 
Nitrogen occurs dming the next 30 days of exposure rather than during 
the first 30 days of exposure. 
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On comparing the losses in the non-sterile and the sterile series it 
will be noted that the losses occurring in the non-sterile scries are in 
every case greater than the losses occurring in the sterile series, suggesting 
thereby the powerful depletory action of micro-organisms on the Nitrogen 
of the soil. It is a^ho interesting to observe that the water-logged samples 
of both the scries show a comparatively less depletion of total Nitrogen 
than do both the dry and the semi-saturated samples ; and it is equally 
interesting to note sterile samples showing greater losses in soluble 
Nitrogen which is probably attributable to the action of gases with 
water on Nitrogen contents. 

3 . Diffused Sunught : Non-Sterile Series 


Losses in Nitrogen contents expressed in parts per million parts of the soil 


Moisture 
condition of the 
soil 

30 days exposure 

60 days c 

exposure 


exposure 

Tot. N 


Tot. N 

[ Sol. N 

Tot.N 

Sol.N 

Dry 

898.76 

138.88 

X026.64 

154.88 

1069.88 

180.32 

Semi-saturated 

331.64 

41.72 

432.64 

62.94 

484.96 

1 82.88 

Water-logged 

484.66 

379.00 

610.60 

441.92 

542.40 



4 . Diffused Sunlight : Sterile Series 


Moisture 
condition of the 
soil 

30 days c 

exposure 

60 days 

exposure 

100 days exposure 

Tot. N 

Sol.N 

Tot. N 

Sol.N 


Sol. N 

Dry 

190.32 

69.16 

256.40 

86.04 

290.32 

93.16 

Semi -saturated 

62.42 

27.72 

78.44 

41.44 

107.16 

43.72 

Water-logged 

134.88 

27.72 

196.28 

34.44 

238.76 

41.44 


Discussion 

In this case the results obtained for the dry samples of both the 
series are conspicuous in that they are the highest losses recorded 
for both the total and the water soluble Nitrogen. In the non-sterile 
series, within 30 days an enormous loss in the total Nitrogen occurs, 
but during the next 30 days the loss that occurs is not even one-seventh 
of that recorded in the first 30 days. Further, if the losses recorded in 
the non-sterile series be compared with those obtained for the sterile 
samples, it becomes obvious that the action of micro-organisms on the 
soil Nitrogen contents is much more pronounced than that of the' chemi- 
cal agencies which are responsible for the 16 sses in Nitrogen in the 
sterile samples. 

Another interesting feature in the series is the huge losses observed 
in the non-sterile water-logged samples. These losses are clearly attri- 
butable to the denitrification process brought about in the soil by micro- 
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oirganisms under ansbrobic conditions ; here the anaerobiosis is provided 
by the water-logging, and the soil being in non-sterile state and under 
diffuse light the denitrification species could force their activities on 
the soil Nitrogen. This result corroborates those discussed in the article 

K ublished in the last issue and dealing with the daily rate of loss in soil 
ritrogen contents. 


5. Darkness : Non-Sterilb Series 


Losses in Nitrogen contents expressed in parts per million parts of the soil 


Moisture 
condition of the 
soil 

30 days exposure 

60 days exposure 

100 days exposure | 

Tot.N 

Sol. N 

Tot.N 

S 0 I.N 

Tot. N 

Sol. N 

Dry 

206.72 

131.88 

277.20 

138.88 

290.92 

152.60 

Semi-satnrated 

398.72 

138.88 

449.48 




Waterdogged 

442.81 

180.32 

474.08 

258.88 

484.96 

318.92 


6. Darkness : 

Sterile Series 



Moisture 

30 days exposure 

60 days exposure 

100 days exposure 

ATI AT 







vi/IilUvIUU U1 Uliu 

soil 

Tot. N 

Sol.N 

Tot. N 

Sol. N 

Tot. N 

Sol. N 

Dry 

62.42 

8.12 

107.16 

20.72 

U 8.60 

27.72 

Semi*Baturated 

189.32 

25.44 

n 

196.28 

43.16 

218.60 

69.16 

Water-logged 

107.16 

20.72 

189.32 

23.36 

218.60 

27.72 


Discussion 


One important point in these results is the fact that contrary 
to the previous findings under direct sunlight and diffused sunlight, 
here greater losses are recorded in semi-saturated state of the soil than 
in the dry state ; so also in non-sterile samples the losses recorded 
under water-logged state are heavy. This is mainly due to the 
influence of the chemical agencies in both the series and this influence 
is bound to be more pronounced, as in this condition (darkness) the 
water, due to the relatively lower temperature of the samples, is likely 
to get more saturated with atmospheric gases bringing thereby greater 
losses in soil Nitrogen. 

In other respects the general behaviour of the losses is at par with 
those recorded in all the cases, viz. 9 the greatest loss occurs during the 
iSrst 30 days and thereafter there is a gradual decrease in the losses 
commensurate with the decrease in the amounts of Nitrogen present 
in the soil. ^ 
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Main Conclusions 

(i) Under all light-weather conditions, losses in soil Nitrogen con- 
tents occur more rapidly as a result of microbial action rather than that 
of chemical action as evidenced in the greater losses recorded in the 
non-iterile samples. 

(a) In almost all cases the loss in Nitrogen was found to be at its 
pew during the first 30 days of exposure, and as a result of increased 
resistance of Nitrogen depleted soil to weathering, there is, thereafter a 
decreased rate of loss in Nitrogen. 

(3) Although seini-saturation of the soil samples with moisture helps 
in the retention of soil Nitrogen contents under diffused light and direct 
light conditions, it works contrary when the samples are exposed to 
darkness. 

(4) Maximum loss in total Nitrogen occurs in soil when the soil is 
czpo^d to diffused light in its air-dried state, whereas the maximum 
loss in soluble Nitrogen occurs when the soil is water-logged in the 
same light-weather condition. 
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EXTERNAL MORPHOLOGY AND ANATOMY 
OF SCORPION 

(Buthtts tamulus Pabr.) 

By 

V. B. Tembe and P. R. Awati, 

Royat Institute of Science^ Bombay 
Introduction 

I N all the Indian Universities the scorpion is prescribed as a type 
of the class Arachnida for a detailed study. Most of the work on 
scorpions in India and abroad pertains to the pathology and bio- 
chemistry of their venom or to the taxonomy, ecology and distribution 
of these animals. Their general anatomy was first described by Muller 
in 1828 and by Blanchord in 1855 ; but their work was soon found to be 
inadequate by the later workers. So Huxley in 1859 studied the struc- 
ture of its mouth and pharynx. Later on, Lankester and his co-workers 
described some of its systems in details. Povlovsky in 1927 has given 
a detailed description of the structure and ferments of its digestive system. 
Workers in India such as Mhaskar and Gauis have dealt with biochemistry 
of its venom. For a long time it has been found necessary to have a 
detailed anatomical work on an Indian scorpion. It is with this object 
in view that the present study was undertaken by the junior author at the 
suggestion of the senior author. The species Buthus tamulus Fabr. 
was selected for this work as it is commonly found in India. The in- 
vestigation was carried out in the zoological laboratories of the Royal 
Institute of Science, Bombay. 

External Characters 

Buthus tamulus belongs to the family Buthidsc of the sub-class Scor- 
pionidae. The adult measures 65 to 90 mm. in length. The colour of 
the animal is variable. The dorsal surface of the body is blackish with a 
reddish or yellowish tinge, while the rest of the body is faint yellow. It 
is found throughout India except Malabar, Ceylon and Burma. The 
natural habitation of the animal is stony areas with sandy soil, generally 
on the slopes of hiUi^ , 
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It inhabits nooks and crevices under flat stones. It lives on maggots 
and insects by sucking their body fluids. It is found that they could 
be kept alive and quite healthy without food. In the laboratory they 
remained quite healthy even when kept without food for six months. 
It is a solitary animal but in the beginning of the monsoons we get 
females with 30 to 40 young ones living together. Scorpions aie 
viviparous. 

Its body is divided into three parts.The anterior portion of the body 
called the Prosoma is covered dorsally by a single shield, the carapace. 
It bears six pairs of appendages and of these the last four are its walking 
legs. The first pair consists of very small and short appendages called 
the chelicerae. They bear a strong contrast to the sensory antenna of 
insects. The second pair consists of long six-jointed pedipalps, which are 
grasping appendages. The rest of the body is distinctly segmented and 
differentiated into two portions: (a) the broad mesosoma or pre-abdomen 
consisting of seven segments of the same breadth as the prosoma and 
(6) the slender metasoma or post-abdomen consisting of five segments and 
a curved spine at the apex of which lie the openings of the poison 
glands. It is popularly known as its tail. 

Exoskeleton 

The whole body of the animal is covered externally by a smooth or 
granular chitinous exoskeleton, often provided with short tactile hairs, 
which are generally longer on the legs and tail than on the trunk. On 
the segments of chelae there are long and bristle-like hairs planted in 
circular integumental pits, known as setal, setiferous or bristle pores. 

The prosoma is covered on the dorsal side by a single plate or shield 
known as the carapace (Fig. I,) It is formed by the v elding together 
of six segments. It generally carries a median notch in its anterior 
margin thus forming right and left frontal lobes. In the middle of the 
carapace are situated two large median eyes (Fig. I, 3), while in the 
antero-lateral corners are placed two groups of lateral eyes (Fig. I. i) 
each group consisting of three small eyes or eye-spots. Both kinds of the 
eyes are simple in nature. The part of the carapace between the lateral 
eye groups and the median eyes is termed the frontal area or ante -ocular 
triangle. In the genus Buthus the frontal area of the carapace is hori- 
zontal and there is no distinct transverse groove behind the eyes. Ihe 
whole carapace is covered by granular crests or keels, which are 
distinguished as an anterior pair in front of the median eyes, 
a shorter median pair situated just behind the median eyes, and a 
longer posterior pair in the hind region. There is also a single 
lateral keel on each side. The whole carapace is finely and closely 
granular with more or less coarse granules on its sides and many on the 
anterior portion both between and outside the anterior keels. The 
ventral surface of the prosoma is covered by a small single median sternal 
plate (Fig. II, 4), which is triangular in form. It appears to be much 
reduced between the largely developed coxx of the thoracic appendages, 
which almost meet each other in the median line. The carapace, the 
sternum and the appendages are bounded together by a chitinous mem- 
brane called the arthrodial membrane* 



66 


JOURNAL OF tHE UNIVERSITY OF BOIIBAr 



Fig. I. The dorsal view of the 
Scorpion. 

1 Cheliceree, 2 Pedipalpi, 3 Lateral eyes, 
4 Median pair of eyes, 5 2nd walking leg, 
() 13th segment, 7 18th segment, 8 Telson, 
A Carapace (Prosoma), B — ^Mesosoma, 
C—Metasoma. 



Fig. II. Ventral side of the scorpion 
showing from Ist to 10th segments. X 2.5. 

1 Chelicer®, 2 Coxse of the pedipalpi, 3 
Mnxillary processes of the 2nd pair of legs 
showing gnathobases, 4 Triangular sternum, 
5 Genital operculum, 6 Pectmes,? Stigmata 
of the book-lung. 


Behind the prosoma is the seven-segmented mesosoma. Each segment 
of it is covered dorsally by a tergal and ventrally by a sternal plate. The 
plates are as broad as the carapace. The terga and the sterna are joined 
to each other by their arthrodial membranes. In the seventh segment 
the tergum and sternum are narrowed and united posteriorly. Each 
teigum (Fig. I) bears on its surface a set of three keels, which may be 
smooth or granular, and the laterals of which are curved outwards at their 
anterior ends. The sternal plates are smooth, polished and light in 
colour. 'The sternum of the seventh abdominal segment is finely granu- 
lar at the sides and carries four, nea*-ly smooth or granular keels. The 
sterna of the third to the sixth abdominal segments possess each a pair of 
oblique slit-like stigmata (Fig. II, ^) situated laterally. On the inner 
side of the stigmata there are distinct muscular impressions. The second 
mesosoma tic sternum is relatively small and is provided with a pair of 
peculiar comb-like appendages called the pcctines (Fig. II, 6). They 
are considered *to he the special organ of touch, a sense which is highly 
developed in scorpions. These .enable them to determine the nature of 
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things on which they are crawling. Pocock has seen a scorpion walk 
over a cockroach until its pectines came in contact with it, when it imme- 
<liately backed itself and ate the insect. Each of these appendages 
consists of a handle or shaft and a series of movable teeth from 30 to 36 
in number. The shaft consists of 3 segments. There are rounded 
chitinous pieces situated between the bases of the teeth and are called 
furcula. Anterior to the pectines, on the first sternum is situated the 
genital orifice, which is covered by a bifid movable lid, the genital 
operculum (Fig. II, 5). 

Each of the five segments of the metasoma is enclosed in a complete 
chitinous ring. The first segment is wider than long, the second very 
slightly or scarcely longer than wide, the third one-fourth longer than 
wide, the fourth longer than the third and the fifth twice as long as 
wide. All these segments are granular and strongly keeled. According to 
their location they are designated as the superior median and the inferior 
median keels. Lateral totheSeare situated the superior lateral and inferior 
lateral keels. The keels on the sides are called the median lateral keels. 

The metasoma ends in a post-anal sclcrite called the telson (Fig. I, 8). 
This consists of two portions — a globular, swollen, proximal piece called 
the ampulla and a curved pointed claw like distal spine, the aculeus. 
In the ampulla is situated a pair of poison glands which open to the out- 
side through a pair of op)enings borne near the tip of the curved aculeus. 
In the young stage of the scorpion the telson is very soft and whitish in 
colour, but as the animal grows older it becomes chitinised and glows 
darker. It has been proved by experiments that any injury to the telson, 
short of crushing, is easily and quickly repaired. If, however, it gets 
crushed, it simply dries and falls off, but its loss does not in any way 
affect the life of the scorpion, except perhaps serving it as a handicap in 
its struggle for existence. 


External Apertures 

The external openings of the body of the scorpion are as follows : 

1 . Mouth : — ^The mouth is a minute aperture situated at the hind end 
of the preoral cavity, situated at the anterior end of the body. The 
latter is on the ventral side of the medially placed soft rostrum and 
bounded laterally by the coaxae of the pedipalps and ventrally by the 
maxillary appendages of the basal segments of the first and second pairs 
of legs. 

2. Jnus : — A median small aperture situated on the ventral surface 
between the telson and the last metasomal segment. 

3. Genital opening : — It is a median opening situated ventrally on the 
first mesosomatic segment and is covered by the operculum. 

4. Stigmata : — Four pairs of stigmata, each being situated laterally on 
the ventral surface of the mesosomatic segments from the third to the 
sixth, both inclusive. 

5. Openings of the poison glands : — ^These are two small openings 
situated just behind the tip of the sting. 
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Appendages 


There are six pairs of appendages attached to the cephalothorax, 
which consist of a pair of chelicerac, a pair of palpi, and four pairs of 
walking legs. The chelicerae (Fig. Ill) are used to tear the hard integument 



Fig. III. Chelicera. x40. 

1 Movable finger of the chelicera, 2 Im- 
movable finger, 3 dermato-chieti© plero- 
thaecatac, 4 2ml segment, 5 Basal segment. 


of their prey, ^fhese appendages 
are homologous with the second pair 
of antennae of Crustacea (Pocock)* 
They are situated close together in 
the middle and project from beneath 
the anterior end of the carapace. 
They form the dorsal boundary of 
the preoral cavity in front of the ros- 
trum. Each chelicera is formed of 
three segments (Fig. III). Its basal 
joint (5) is very small and triangular 
and is usually concealed beneath 
the carapace. The middle segment 
(4) is large and swollen and shows 
an angular surface which divides it 
into an inner and an outer side. At 
its distal inner end it gives off a 
strong procses bearing a set of teeth. 
This process is known as the immova- 
ble finger (2). On the inner inferior 
side of the segment there is a brush 
of long stout hairs called dermato 
chata plerothiBcata, (3). The third 
segment of the chelicera is a small 
curved piece which constitutes the 
movable finger of the chelicera (i). 
This segment is produced into two 
fork-like processes each process having 
a set of teeth on its concave inner face 
which lies against the immovable- 


finger. The movable finger works in a horizontal plane, so that the 
immovable finger fits in between the two processes of the former, thus 
forming a chela when brought together. 

The Pedipalpi : (Figs. IV and V). The second pair of appendages is 
known as the pedipalpi (chelae). They form an efficient weapon of 
attack for the scorpion. They are pincer-like in form, and move 
almost in a horizontal plane. Each pedipalp is formed of sk segments 
which counting from the basal one, arc the coxa, trochanter, humerus,, 
brachium, hand and movable finger. The coxa (7) is situated on the side 
of the preoral cavity beneath the carapace. It is freely movable with 
its inner surface and works as a jaw. It is used in compressing its prey 
and squeezing out its body fluid. Its concave median surface is usually 
provided with a dense hairy cushion of soft chitin. The edges of this 
surface are sharply ridged and covered with thick setae. The second 
segment, the trochanter (6) is strongly chitinised, cubical in form and 
shows many crests. The humerus (5) and brachium (4) are almost 
equal in size. They are more than double the length of the trochanter^ 
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and are furnished with granular keels. The humerus is set at right 
angle to the long axis of the body, while tlie brachium and the hand 



Fig. IV. Pedi palp (chela) xl6. 

1 Movable Bngor, 2 Immovable finger, 3 Hand, 4 Brachium, 

5 Humerus, 6 Trochanter, 7 Coxa. 

are located in a line parallel to the long axis of the body. The humerus 
has thus an anterior and a posterior surface, whereas the brachium and 
the hand have each an outer and an inner surface. At the outei and 
anterior end of the humerus and at the posterior end of the brachium 
on its inner surface theie is seen a concave depression to the inner side 

of which are inserted strong 
muscle bands. This helps the 
animal to move the brachium 
inwards in a horizontal plane. 
At the anterior end of the brac- 
hium there are outer and inner 
depressions formed by the over- 
growth of upper and lower 
edges. Thus a socket is lormed 
in which fits the projection of 
the posterior end of the hand. 
The hand can freely move in- 
waids or outwards in a hori- 
zontal plane. The brachium 
F». V. Pedipalp of a female Scorpion (Chela) is broader than the humerus. 
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The hand of the scorpion shows variations in form in difierent sews 
and species. In the male it is strong, short and globular at its base 
(Fig. IV), while in the female it is rather long and slim (Fig. V). Aloi^ 
its outer and lower side is attached the last joint of the chela known as the 
movable finger (i). The surface of the hand that lies just behind the 
joint of the movable finger is flat and rests upon the ground. This 
portion is called the under-hand and is separated from the upper side 
of the hand by the growth of a keel. The upper side is generally evenly 
convex in this species. There are some faint keels developed on the 
upper-hand also. The keel stretching from the immovable finger (2) to 
the base of the hand is known as the fmger keel. The fingers are provided 

with teeth on their grasp- 
ing surfaces. The arrange- 
ment of these teeth is useful 
and found to be of taxono- 
mic importance. (Fig. VI). 
There are several rows of 
small teeth, running obli- 
quely and close together. 
These rows form the medi- 
an series of teeth (i). The 
anterior tooth of each row 
of the median series, isoften 
enlarged and distinguished 
by its size. These enlarged 
Fio. VI. Movable finger of the scorpion. X 8. anterior teeth form the 



1 Medium row of teeth, 2 Anterior 
tooth, 3 Posterior tooth. 


inner series. Similarly the 
two posterior teeth of each 


row are also enlarged and form an outer series. 


Neither the chelicerae nor the coxae of the pedipalpi bear any glands. In. 
this respect the scorpions differ markedly from the spiders the chelicerac 
of which enclose the poison glands, and the basal joints of the maxillae 
of which contain the salivary glands (Pavlosky)®. 

Legs : — There are four pairs of legs which are structurally alike and arc 
used for walking. They are attached to the body at the sides of the 
cephalothorax. Each leg (Fig. VII) consists of seven segments which 
beginning from the proximal one, are coxa, trochanter, femur, patella, 
tibia protarsus and tarsus. The tarsus bears at its tip two or three claws. 

The coxae of the first and second pairs of legs are each provided with a 
triangular process directed forward, and lying immediately below the 
mouth. It is known as the maxillary appendage (Figs. II and X). 
These maxillary appendages form the floor of the preoral cavity. Oh 
the upper surface of the first pair of maxillary appendages there are 
numerous dense hairs. The coxae of the second pair of legs meet each 
other in the middle line. Their upper and lateral parts are covered 
with soft chitin bearing numerous dense hairs called dermatochala anthackcU 
Each appendage has a longitudinal groove on the superiolateral surface. 
The coxae of the 3rd and 4th legs of each side are fused together and are 
separated from those of the opposite side by the sternum of the prosoma 
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or cephalothorax (Fig. II) which abuts anterioriy against the coxae of the 
2nd pair* 

To the distal end of the coxa is articulated the trochanter (Fig. VII, 2) 
which is very short and stout. It moves in backward-upward and down- 
ward-forwai^ directions. The third segment, the femur (3), is straight 
and long and moves very freely upwards and a little sideways ; while 
the next segment, the patella (4), moves downwards freely. The tibia 
and the protarsus show a downward bending, but the tarsus can move 




Fig. VII. A walking leg of the scorpion, 

1 Coxa, 2 Trochanter, 3 Femur, 4 Patella, 5 Tibia, 6 Protarsua, 7 Tarsus, 8 Claw 
a Tibial spurs, 10 Pedal spur, U Row of spinules, 12 Lateral lobe overlapping the base 
of the claw. 

B — Side view of the tarsus. 

freely in all directions. At the distal end of the tibia where it articulates 
with the protarsus, is seen a pale and dark-tipped claw-like spur known 
as the tibial spur. Such spurs are found on the 3rd and 4th legs. Simi- 
larly there is a pair of pedal spurs at the extremity of protarsus where it 
joins the tarsus. The anterior one of the pedal spurs is often double being 
furnished with a branch. On the lower side of the tarsus there are two 
rows of spinules. At the distal end of the tarsus are articulated the three 
claw, of which two are superior and one inferior, the latter being often 
partially or wholly worn down. At this end of tarsus is produced into 
a small flap called the claw-lobe* 
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The InteOument 

The body-wall is characterized by its assumption of both protecting 
and supporting functions. It consists of three main layers the outer-most 
of which is formed by the cuticle, a non-cellular substance of a secretory 
nature. Beneath the cuticle lies a layer of cubical epithelium known 
as the hypoderinis. At different spots the cells of the hypodermis are 
modified into hair-producing ccllscalled trichogen (Comstock^®), the body 
of which sinks below the h>’podermal level. The shaft of the hair rises 
through the hypodermis and pierces the cuticle, the latter forming the 
trichopore. The third and innermost layer is made up of apparently 
structureless membrane forming what is known as the basement mem- 
brane which lines the inner side of the hypodermis. 



The cuticle (chitin) is a nitrogenous organic 
compound belonging to the sclcroprotein group 
of the poly-peptides (Savory). It is not much 
affected by ordinary reagents such as dilute 
alkalies or acids and so it very well serves as a 
protective covering for the animal. If the body 
of the scorpion is boiled in dilute caustic potash 
solution for about an hour, the whole of the 
internal tissues get dissolved and only the 
chitinous exoskeleton is left behind as a hollow 
case. The colour of the chitin can be bleached 
by an oxidising agent. 


Fio VIII Body-wall of Microscopical examination reveals that the 
the scorpion with the hair, chitin is formed of several layers consisting of 
X120. the following parts (E. N. Povlovsky®), (i) a 

1 Testostr^um, 2 Epiostra- superficial cuticular layer known as Testostra- 

(2) the middle layer called Epiostracum and 
membrano. (3) the deep lamellous layer — the Hypostracum, 

In the chitin there are two types of canals of which one type is situated in 
the hard region of the integument. This canal is smoothwalled and 
reaches the very su face of the chitin. Its lumen is occupied by proto- 
plasmic material containing rod-shaped nuclei and pigment granules. 
The other canal is broader and is found in the softer parts of the integument 
(the pleura of scorpion). The walls of this canal are suppoited 
by circular thickenings (rings'). It appears to perforate the chitin. 
From its apex short chitinous tubules run inwards. 


The sculptures on the integument is of two types: (i) dermatidia, which 
are formed only by the dermal lining (chitin, hypoderm, basement mem- 
brane), (2) caclodermidia which are provided with an cavity which is the 
continuation of the body-cavity. The latter includes the different out- 
growths of the integument, e.g., the cristac, tarsal claws, spines of the 
claws, spurs, etc, To the former belongs the chaetoids, e,g,, denticles on 
chelap, sculptured processes on the posterior margin of stigmata, etc. 
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The Diaphragm and the Endoskeleton 

Xdke flic exoskeleton there are also some internal skeletal structures 
used generally for the attachment of muscles. 


On removing the carapace of the cephalothorax and the tergumof the 
seventh segment it is found that the prosoma is separated from the meso- 
soma by a chitinous and muscular wall called the diaphragm (tig. IX, 



Fio. IX. Endosternum of tho scorpion. 

Dorsal surface. 

1 Paired anterior process of the subneural 
arch, 2 Subneural arch, 3 Anterior lateral 
process, 4 Lateral medium process, 5 Posterior 
process, 4 Lateral medium process, ^Posterior 
process, 6 Posterior flap or diaphragm, 7 Per- 
foration of the diaphragm for the passaije of 
muscles, 8 The paired dorsal ridge, 9 Gastric 
canal or foramen, 10 Arterial foramen. 


b), A close examination shows 
that the diaphragm is formed by 
a strong intucking of the inter- 
segmental membrane between 
the 6th and 7th segments, so 
that it is composed partly of a 
chitinous infolding and partly of 
muscle bands. It seems that the 
opposite inter segmental intuc- 
kings fuse togethei to form a 
diaphragm ( Bernard ). The 
dorsal blood vessel, the aliment- 
ary canal and the nerve cord 
pierce through it. In front of 
the diaphragm there is a chiti- 
nous plate situated dorsally to 
the nerve cord and ventrally to 
the alimentary canal. This plate 
is the endosternite. It is a com- 
plicated structure because the 
strong longitudinal compression 
of the thorax has caused it to 
fuse posteriorly with the diaph- 
ragm ^Bernard). The endos- 
ternitc has gi.>i many processes 


to which muscles from different directions are attached. It fuses with 
the diaphragm at four points, (i) 7 'he postero-lateral tendons of endo- 
sternite fuse with the ridges of the diaphragm which arc caused by the 
dorso-ventral muscles behind it, the muscles ])eing secondarily attached 
to the endosternite afterwards. (2) The horizontal plate of the endo- 
sternite is attached to the anterior face of the diaphragm by two processes. 


Histologically the endosternite is formed of apodomes (internal 
prominences of the chitin for muscle attachments) and owes its origin 
to the fusion and longitudinal compression of the cephalothoraic seg- 
ments. Afterwards it becomes almost entirely detached from the parent 
cuticle. By fusion of the endosternite with the diaphragm the scorpion 
does not retain the original condition of the arachnidian thorax. This 
fusion has misled investigators into believing that the endosternite and the 
diaphragm belong to one another as parts of one and the same,.structure. 

THE DIGESTIVE SYSTEM 

The alimentary canal is a tube extending from the mouth to the anus 
in a straight line. It is distinguishable into four principal regions 
(1) The pre-oral cavity, (2) The four-gut or stomodaeum, (3) The mid- 
or mesenteron, and (4) The hind-gut on proctodaeum. 
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The Prb-Okal CAvnY 

It is enclosed by the basal segments of the anterior four pairs of ap- 
pendages. Dorsally the cavity is bounded by those of the chelicerae 
Tig. X) ; laterally it is limited by the coxae of the pedipalps (3) and 

vcntrally it is supported by the two pairs 
of maxillary appendages of the first two 
^ (5 and 6). All these seg- 

ments are covered on their inner sur- 
faces, with bristles. There protrudes 
: a custion-like structure from the poste- 

j : . rior surface of the pre-oral cavity. It is 

r 'jS ‘ "" 3 ventrally elevated and laterally com- 

pressed andisknownas theRostrum (2). 
Dorsally it is broad and rounded with a 
It ^ slight median ridge. Its lateral surfaces 

are oblique, while the ventral edge is 
® convex. Postero-anteriorly it is nar- 

7 rowed. It is covered all over its sur- 

Fig. X. Side view of the preoral face by soft hairs, which resemble those 
cavity. The chelicerfle and the pedipalps that are found on the pedipalpal cush- 
of the right side have been completely ions. (M. Blanchard has named the 
removed. rostrum as “Buccal appendages’ ). Its 

1 Left chelioera, 2 Rostrum, 3 Coxa dorsal ridge fits in a corresponding 
of the left pedipalp, 4 Mouth openi^, furrow between the chelicerae. As ob- 

5 and 6, Maxillary appendages of the curved bv Pavlovskv the folds of the 

Ist and 2nd walking legs 7 Preoral servea oy rayiovsxy, tne loias 01 tne 

cavity. teguments on its dorsal and lateral sur- 

faces are not glandular. The transverse section of the rostrum shows that 
there are several muscle-bands inside (Figs. XI and XII). 

The latter may be divided 
3l into two groups: (i) the proper 

rostral muscles and (2) the 

a ipi- rostropharyngeal muscles con- 

^ necting the rostrum to the phar- 

if Ilt II To the first groups belong 

3/ \ _ j (a) m. transversus rostri maxi- 

S vl " Jl f * mus, (b) m. transversus rostri 

i f diffurus, and (^) in. obliques ro- 

1 & f ® s tri ventral is. When the fost two 

S ' W A muscles contract the rostrum 

a w Oka ^ compressed. When the last 
a B ^ paired muscles contract the 

m 1-5 ventral half of the rostrum is 

9 I S contracted and in this way 

ar ft allow a wider passage to the 

1 ' oral opening. The rostro- 

\ pharyngeal muscles consist of 

Y (fl) m.m. rostropharyngeales 

superiores which are extended 
Fig. XI. Horizontal section through the rostrum from the pharnyx to the upper 
and pharyngeal sucking apparatus. rostrum, (b) m.m. 

I m. sphincter pharrageates 2 Phar^x, 3 m. rostro pharyngeales inferiores 
rostrophi^yngeales inferior Uteralis 4 m. tran- j* i L °i. j r -.u 
sversus rostri 5 Pedipalps, 6 transversus rostri ^ccliales attached from the 
obliquiu 7 Rostrum. lower part of the rostrum to 
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t he pharynx. These musctes help to dilate the pharnyx and also to 
draw backwards, upwards and inwards the inferior surface of the rostrum. 

1 


4 * 



Fig. XII. Horizontal section through the ends of the preoral entosolerite. 

1 Pharynx, 2 m. sphincter pharyngis, 3 m. dilatator pharyngis lateralis 4 Part of 
the preoral entosclerite, 6 m. transversus rostri 6 Rostrum. 

Foregut or Stomodaeum 

The foregut (Fig. XIII) consists of (a) the moutli opening, (b) the 
pharnyx with the sucking apparatus (c) the oesophagus and (rf) the 
post-cerebral sucking apparatus. 

The mouth : — ^The mouth, as already mentioned, is situated below the 
base of the rostrum surrounded by the maxillary appendages of the 
first pair of legs and the adjoining parts of the coxal joints of the pedi- 
palps. 

The pharynx : — The mouth leads into the pharynx (Fig. XIII, 8) which 
is dilated and modified into a sucking chamber. It is situated between 
the rostrum (3) and the anterior portion of the cerebral ganglion (9). 
In the longitudinal section it appears somewhat pear-shaped, with its 
broader end being uppermost and its longer axis directed diagonally 
backwards. Its broad upper end lies between the two anterior pro- 
cesses of the endosternite. It is lined on its inner surface with a thick 
chitinous intima. Its epithelial cells (14) lie in a layer underneath the 
cuticle* It is provided with numerous muscles (7) on its outersurface. 
They enable the pharynx to suck juices. These muscles can be divided 
into two groups (Povlovsky 10): (i) dilatators and (2) sphincters. To 
the former are referred {i) m. dilatator pharyngis lateralis (Fig. ^11 3) 
from the lateral walls of the pharynx to the processes of thr pre-oral en- 
dosclerite, («) mm. rostropharyngeales inferiore, (m) m.m. rostropharyn 
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ffeales superiores, (tv) m. dUatator pharyngis suprarostralis infemr from 
She pharynx to a point above the base of the rostrum and (cjm. dilatator 
pharyngis suprarostralis superior (Fig. XIII 'I a paired miwcle bancU ex- 
tending from the upper part of the pharynx to the anterior end ot tn- 
ccphalothorax. The sphincters of the pharynx consist of the 
bundles surrounding the pharynx and alternating with the bundles o 
dilator muscles. 


IS. — 


jj — 
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Fig Xin, Ixingitudmal section of a young 
scorpion going through the alimentary canal, 

1 Distal joint of the chelicera, 2 Portion of 
the coxa of a pedipalp, 3 Kostrum, 4 Preoral 
c 4 iYity, 5 Maxillary appendage of the legs, 0 
Mouth, 7 Muscles of the sucking apparatus of 
pharynx, 8 Pharynx, 9 Portion of the brain, 
10 Oesophagus, 11 Oesophageal valve 12 
Stomach, 13 Intestine, 14 Epithelial layer of 
pharynx covered by a thin chitin, 15 Connec- 
tive Tissue, 7a and 7b M dilatator pharyngis 
subrostralis interior 7o M dilatator phary- 
ngis suprarostralis superior 




10 


Fio XIV Digestive system of the 
scorpion. 

1 Pharynx, 2 Oesophagus, 3 Stomach 
gland, 4 Hepatic gland, 5 Pars tecta 
intestini, 6 Malpighian tubules,'? Constric- 
tion of the intestine, 8 Pars nuda 
intestini, 9 m Levator am, 10 Anus. 


Xsopkagus The pharynx leads into the oesophagus (Fig, XIII, 
lo) which is a th^, delicate and narrow tube. It passes through the 
cephalic nerve ring. Owmg to the presence of the longitudinal folds in 
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its wall its lumen appears to be stellate (Fig. XV). In the transverse 

section it appears to be formed of the 
following layers from outside inwards ; 
(i) membrane externa, (2) membrane 
propria, (3) epithelial layer covered by 
(4) chitin. Posteriorly the epithelium 
widens. 

In the muscular layer there are longi- 
tudinal fibres which act to strengthen the 
oesophageal walls. At the postcerebral 
side of the oesophagus the epithelial layer 
shows a thickening which is more on the 
dorsal side of the lumen, thus forming a 
type of a valvular structure. (Fig. XIII). 

* 1 Membrana e***™*' J The latter might be useful in preventing 

brana propria, 3 Epithelium, ^ . n r ^ 1 . , ® 

ChitinouB layer. the return now of the stomach contents. 

The Post Cerebral Sucking Apparatus 

The post-cerebral sucking apparatus consists of the muscle-band 
called (t) m.m. dilatators oesophagi retrocerebrales laterales, extendi- 
from the post cerebral portion of the esophagus to the anterior processe 
of the endosternite and (ii) m.m. dilatators oesophagi restrocerebrale 
radiales extending from the lateral and superior surfaces on the oeso- 
phagus to the sides where they are lost between the lobules of the diges- 
tive glands. The sphincters of this sucking apparatus are in the form 
of circular muscle fibres. 



Fio. XV. Transverse section of a 
young scorpion passing through 
the intracerebral portion of the 
oesophagus. 


The Midgut or Mesenteron 

The midgut is formed of (a) stomach, (b) intestine with the two 



Fig.’ XVI. T. S. of the stomach where the 
stomach glands open into it. 

^ 1 Opening of the stomach gland, 2 Mem- 
tama propria, 3 Musclea, 4 Epithelium. 5 
Longitudi^ muscles, 


digestive glands: viz-, (c) stomach 
gland and (d) hepatopancreas. 

(a) The stomach is the dilated 
portion extending from the oesop- 
hagus to the diaphragm and 
situated in the cephalo thorax. It 
is easily distinguishable from the 
oesophagus by the absence of the 
chitinous lining in the lumen. It 
is covered dorsally and laterally 
by a brownish gland called the 
stomach gland (Pavlovsky). The 
gland is trilobed : a median dorsal 
and two lateral lobes. It has two 
ducts which enter the stomach. 
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The transverse section of the stomadi shows that it k lined inside with a 
cylindrical epithelium. The epithelium consists of two kinds of cells^ 
the absorbing cells irregularly altemat ng with the ferment cells^ 
The epithelium is based on the membrana propria* 

(b) The intestine is the longest portion of the alimentary canal which 
occupies the pre-and post-abdominal region. It is distinguished into 
two parts by the presence of a circular constriction in the region of the 
1 3th segment (Fig. XIV) from where two pairs of small malpighian tubules 

are given off. Its anterior 
portion is the hepatopancre- 
atic portion and is called the 
pars-tecta intestini. It is not as 
broad as the posterior part 
and occupies almost the whole 
length of the preabdomen* 
It gives on each side five 
narrow ducts which lead into 
the substance of the large 
heptopancrcas, which occupies 
the whole cavity of the 
preabdomen. The microsco- 
pical study of the parstecta 
intestini (Fig. XVII) shows 
that the epithelial cells are 
glandular resembling the 
heptopancreatic cells. 

The posterior portion of the intestine is called the pars-nuda intestini 
or the ileum. It runs from the 13th to the i8th segments, where it passes 
into the hind gut. It is rather a wide and thin-walled tube with uniform 
cylindrical epithelium (Fig. XVIII). White waste matter is present in it. 
In a transverse section it shows that it consists of an epithelial layer 
covered by membrana propria which itself is surrounded by circular and 
longitudinal muscle fibres. It is surrounded by pads of muscles which 
help to press out the waste matter. 

(c) Stomach gland : — On removing the carapace of the cephalothorax 
this gland with a median anterior and two lateral lobes is seen (Fig. XIV, 
3). It was taken by Huxley and others as the salivery gland but Blan- 
chard has stated that the scorpions possess no salivary gland and hence 
the above name has been adopted (Pavlovsky). It occupies the cepha- 
lothoracic cavity and posteriorly it is bounded by the diaphragm. The 
gland consists of numerous vesicles of glandular epithelium (Fig. XX)* 
The cells very much resemble those of hepatopancreas but they difier 



Fio. XVII. T. S. of the pars tecta intestini. 
1 Membrana propria, 2 Absorbing cells, 3 
Ferment cells. 
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fiom the latter by their narrower form. In 'secdoii the epithelium ap* 
pcRTS tp rest on the basal membrane which is surrounded by a perito* 
iieal lining filling up the slits between the lobules of the gland. 

(^d) The hepatopancreas is a large brownish gland occupying the 
whole of the preabdomen (Fig. XI V, 4) . 1 1 has a dorsal median depression 
in which lies the heart enclosed in the pericardial sac. The other in^ 
temal organs in the preabdomen are embedded in the liver. It is a 
lobulated structure with its lobules being present only on its outer sur- 
faces. It has on each side six vertical openings for the passage of the 
dorsoventral muscles which bound the sternites to the tergites. 

As already mentioned the midgut rece'ves from each side five ducts of 
-the liver. These ducts branch repeatedly in the substance of the gland 
and ultimately end in the cavities in its lobules. Thus the ramiferous 
liver has a cavity which is continuous with that of the midgut. The 
liver of the scorpion is constructed after that of Crustacean Decapoda^ 
as in Cancer Pearson has shown that it gives off the ducts on both sides 
which end in the cavities of the liver lobules. Both have got a similar 
cell structure. 

In microtome sections of its lobules it appears to consist of the epi- 
thelium, the membrana basilaris and the peritoneal covering. The 
epithelial cells are of two kinds (Fig. XXII) . The resorption cells (6) form 



Fig. XVIII. T. S. of a portion of pars nuda intestini. 
1 Epithelium, 2 Nucleus, 3 Momhrana propria, 
4 Circular muscles, 5 Longitudinal muscles. 


ing one of these kinds, are large and their nuclei are situated in the middle 
or near the base of the cell. There are globules of different sizes in the 
cdl. The cell has a definite outline on the basal side. Its protoplasm 
has pigment granules which, are of excretory function. These cell^ 
also absorb the food particles. 

The other type includes the ferment cells (7) which are rather fewer 
compared with the absorbing ones. They stain deeply with hema- 
Ijoxylia. The protoplasm of these cells contains numerous granules^ 
filaments, etc. The cells are compressed and lie close to each other^ 
The ducts of the liver have the same structure as the liver lobules. 


n(8) 
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Thehindgutjsan extremely short, porpionof the alimentary can^, wipe# 
occupies the region of the last pos^-abdominal segment (fig., XIV). 
Its inner wall is lined by chitin which is continuous with the chitin of the 
soft articulation membrane between the telson and the last segment. 
Outside the chitin of the hind gut there is an epithelial layer. Hie gut 
opens on the ventral side by the anal aperture which is surrounded by 
four protuberances (Fig. XIX). There are four hard chitinous platelets 
attached to these protuberances. \Vhen the posterior portion of the 
intestine is contracted the anal aperture becomes closed by these platelets. 
These platelets work simultaneously. The posterior portion of the hind 
gut is connected by oblique mascles to the middle of the last, segment. 
This muscle is called m. levator ani (Fig. XIV). 



Fio. XIX. Anus of the scorpion. 

1 18th segment, 2 Four protuberances surrounding 
the amis, 3 Chitninous platelet 4 Anal aperture, 
5 Telson. 


CIRCULATORY SYSTEM 

The circulatory system is very well developed and donsists of the heart, 
the arteries and the veins. The animal has a far more definite system 
of blood-vessels than any othej Arthropod. 

Hsart : — On removing the terga of the preabdomen, the heart of the 
scorpion is seen situated beneath the muscles of the segments along the 
dorsal median ridge of the liver (Fig. XXTI). It extends from the dia- 
phragm {6th segment) to the last segment of the preabdomen (igtit 
segment). It is art elongated and strongly muscular organ and Kes in ‘a 
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toe ^ . pi^cAidisd sinus. Hw heart is suspended in the 
pericardial space by two sets of bands in each segment. These bands 
sailed the alae cordi are of fibrous connective tissue stretching firom the 
aiqiles of.heart to thewallof the pericardium. The heartleads anteriorly 





Fio. XX. T. S. of the stomach gland. 

A. A complete section of the stomach gland. X 80 

B. A portion of the wall of the stomach gland. X 900. 

1 ferment cells, 2 Membrana propria, 3 Resorption cell, 4 Free surface of the 
epithelial. 

into a short trunk called the anterior aorta and posteriorly ends^into the 
posterior artery. It is segmentally divided intb seven different chambers 
..arh of which opens into the pericardial sinus by a pair of auricular 
called the ostia. These ostia are situated on the dorsolateral 
Mr&ce of each chamber, and are provided wkh valves which prevent 
die blood firom re-entering the pericardium from the heart, so that it is 


$9 JOintNAt OF THE VHI^PSKSnX-Of-'MUtttU' 

forced to pan out 6£ tbe lieart'by the arteries Which dart.fitwn it. Ifc 
Jbeartis clothed from outside by connective tissue layers which are con- 
nected with the alae cordis In the wall of the heart are inserted semidp- 
cular transversely striated muscle fibres (Fig. XXIII) exterior to whidi 
fare found fine longitudinal ones. 

Each chamber of the heart is pear-shaped in structure and gives off 
a pair of systemic arteries, from the ventral side for the supply of the vis- 
cera (Fig. XXII). It has two sets of al* cordis attached to its comers 



Fio. XXL T.S. portion of hepatic lobule. x900. 

1 Peritoneal covering the of liver, 2 Membrana propria, 3 Aoidophile inclusions of re > 
sorption cells, 4 Pigment inclusions, 5 Nucleus, 6 Resorption cell, 7 Ferment cells, 
(Iranular globular inclusions of ferment cells, 9 Basophile granules in protoplasm. 

(Fig. XXIII) . The anterior set of muscles is longer and assists to dilate the 
chamber and to draw it forwards in the segment, while its Contraction 
is brought out by the muscles of its wall. The second set or the posterior 
alae cordis, which are retractor muscles of the chamber, originates from 
the posterior lateral part of the chamber and is directed backwards and 
outwards, and thus a gap is left between the two sets of muscles for the 
passage of the systemic vessels. The posterior set seems to be the first 
to act in dilating the chamber. 

Out of the seven chambers of the heart the sixth is the largest, the 
seventh is rather small, while the remaining ones become gradually 
reduced in size frQm the fifth to the first chamber. 
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Fig. XXII. Circulatory 
system (diagrammatic.) 

1 Lateral e^rterj, 2 Cepha- 
lic artery, 3 Artery to the 
pedipalp, 4, 6, 7, and 8 Arter- 
ies of the legs, 6 Artery of 
the thorax, 9 Supraspinal, 
artery, 10 Heart, 11 Systemic 
artery 12 Posterior artery. 


‘The valve of each ohium is fonxied by the 
duplication of the muscular layer on the 
dorsal surface of the heart. Thus the rows of 
circular fibres take part in the formation of 
the valve. As already mentioned, the sys- 
temic arteries (Fig. XXIII) are given off 
from the ventral side of the heart. From 
the anterior end of the heart a median 
arterial trunk known as the anterior aorta 
and two small lateral arteries are given off 
(Fig. XXII). These two lateral arteries give 
off many branches to supply the diaphragm 
and the posterior portion of the thorax. 



Fig. XXIII. T. S. of the hoart, the periOardial 
sinus and the ah cardi muscle. 

1 Pericardial sinus, 2 Alas cordis muscle* 

3 Ix)ngitudinal muscle layer, of the heart» 

4 Circular muscle of the heart, 5 Opening of 
the veno-pericardiac vein . 


Anterior aorta : — ^The anterior aorta starts from near the diaphiagm and 
descends anteriorly. It is short and thick and proceeds obliquely for- 
wards and downwards and passes beyond the central arch of the endo- 
sternite. Here it is slightly dilated and runs along the dorsal side of the 
oesophagus. Just at the point of its dilatation it gives off a pair of arteries 
towards the ventral side (Fig. XXII), which run around the oesophagus 
forming a vascular collar and unite ^vith each other to form the supra- 
spinal artery. This artery runs backwards along the nerve cord. * As 
the aorta runs along the oesophagus, at a short distance behind the brain 
it gives off the second pair of arteries which supply the 4th pair pf legs. 
Next the third pair of arteries is given off to supply the 3rd pair of legs. 
Just near the third pair of arteries a smaller fourth pair is given off which 




jf tdliitt^biiCed to After giviag offtfaeM tfae «Miut 

«o|rta widens and tl^en diodes into three more branohes of wludi the 
middle one forms the cephalic artery, while tlw two laterals run 8100; 
the sides of the brain (Fig. XXIV) . As these lateral vessels pass anteriorly 



Fio. XXIV. Bifttribution of the cephalic blood vessels. 

I Supra-spinal artery, 2 Thoracic artery, 3, 4, 7, & 8 Arteries of the legs, 5 Lateral 
artery, 6 Cephalic artery, 11 Lateral branch of the cephalic artery, 10 Cerebral artery^ 
9 Artery to the chelicera. 

they give off branches to the first and second pairs of legs and then pass 
into the pedipalps. Before going to the pedipalps each of the lateral 
trunks gives off a branch which turns up towards the dorsal side to unite 
with its fellow of the other tside and with the branches of the cerebral 
artery. ^ This branch of the lateral vessel supplies the muscles on the 
dorsal side of the brain and the stomach gland. 

The short and median cephalic artery divides into three branches just 
after its origin. The median branch which may be called the cerebral artery 
gives out small branches to the brain and then it passes along and 
beyond dorsal brain and supplies the parts of the anterior thorax and the 
pharynx. It also gives branches which anastomose with the branches 
of the lateral arteries of the aorta as already mentioned. Thus a com* 
pletc arterial network is formed around the brain. The two lateral 
branches of the cephalic artery run along the sides of the brain ; each 
one gives a big branch which runs along the great median optic nerve 
and divides into minute ramifications to supply the median eyes and the 
carapace. Just near this great branch of the cephalic lateral artery, a 
small branch is given off to supply the lateral eyes. This small branch 
also runs along the nerve which supplies the lateral eyes. Then the lateral 
cerebrAl artery be^^ to turn inwards towards the middle and gives off 
a small branch which runs backwards and outwards in the muscles ofthc 
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lihartt* Accoirdtng to Newport,® this branch forms two aiiastc^nbtos 
with brancjses Srdm the great 8ub*-cesophageal division of the artery. 
The lateral cephalic artery then runs along the inner side of the strong 
muscles of &e chelicerae where it divides into two branches ; the bigger 
4^ne supplying the muscles of the cheliccrac, and the smaller one going 
to the chelicerae where it is again divided into two to supply the movable 
and immovable fingers of the chelicerae. 

‘ Abdominal arUrUs : — ^The anterior aorta gives off ventrally a pair of 
small arteries, at its beginning the visceral arteries, supplying the intes- 
tine and the hepatopancreas. They run along the sides of the intestine 
and give branches to the heptopancreatic lobules along its ducts. They 
make extensive anastomoses along the length of the alimentary canal 
with branches from the systematic arteries. 

The supraspinal artery formed by the union of the ist anterior branches 
of the anterior aorta runs along the whole length of the nerve-cord giving 
off from its ventral surface single short branches at the anterior and 
posterior ends of each ganglion. At each of the posterior and anterior 
onds of the terminal ganglion of the nerve cord it gives off a pair of 
lateral arteries between the usual single anterior and posterior ganglionic 
arteries. These arteries supply the muscles and structure of that seg- 
ment. The supra-spinal artery then passes on for a short distance 
between the pair of terminal nerves and then it divides into two branches 
to run along them. Each of these terminal arteries gives off a branch 
which sub-divides into anterior and posterior branches supplying the 
intestine. The terminal arteries themselves run along the terminal nerves 
and its branches and sub-branches run along the nerves to their ultimate 
•distribution. Their branching takes place always immediately anterior 
to that of the nerves. 

Posterior artery : — The seventh chamber of the heart is very small and 
seems to direct the current of the blood backwards into fhe posterior or 
caudal artery. The systemic arteries given off from this chamber show a 
deviation in their course : they are directed backwards instead of passing 
laterally forwards. The caudal artery passes posteriorly along the dorsal 
side of the intestine and at the posterior end of the 13th segment fyth 
abdominal segment) gives off a vessel on its ventral side which divides 
into three branches. The two lateral branches pass backwards along 
the hindmost lobe of the heptopancreas, and pass into the thick muscles 
of the 14th segment (ist post-abdominal segment) while the remaining 
or median vessel passes backwards below the caudal artery and is united 
with the supra-spinal artery. 

In the first post-abdominal segment the caudal artery gives off four 
pairs of vessels. According to Newport the first two pairs are directed 
laterally forwards, the third pair backwards and all these supplying the 
great flexor muscles in the dorsolateral regions of the segment. The 
fourth pair passing round the intestine unites with the supraspinal vessel. 
At the anterior as well as the posterior end of each postabdominal seg- 
ment a pair of vessels are given off which supply the strong muslces of the 
post abdomen. 

Tke venous system : — The blood is recollected by capillaries into the 
ventral sinus. The venous system consists of nvo main sinuses : (t) the 
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pericardial sinus and (n) the ventral sinus. The wall of the j^ricar^ 
dium is fibrous and complete and when the heart is contracted it holdr 
a considerable quantity of blood. \^^en the heart expands thu( blo(^" 
rushes into it through the ostia. There are seven pairs of veins, one pair 
in each segment (7 to 13 segments),- which bring the blood irom the lung' 
books and open into the pericardium. These veins run ventro-dorsally 
along the veno-pericardial muscles. 

The ventral sinus is situated on the ventral side in a median position.* 
It has a small lateral expansion ro\md each lung book. The dorsal 
wall of the ventral sinus and the floor of the pericardium arc connected 
by seven pairs of vertical muscle bands, a pair in each segment of the 
mesosona. These veno-pericardial muscles were figured by Newport but 
not described, and later on, Lankester first recognised their importance.. 
The venous blood from the body is brought to the ventral sinus by small 
vessels. From there it then goes through the lateral expansions to the 
limg books, where it is oxygenated. When the veno-pericardial muscled* 
contract the pericardial sinus increases in volume and the blood from 
the lung books goes to the pericardial sinus from where it passes by the 
ostia into the heart. 

The Blood : — ^The blood is more or less colourless with a slight bluish* 
tinge, owing to the presence of certain dissolved pigments. Its liquidas 
medium is known as the plasma and it contains a number of small 
amoebaid nucleated colourless carpuscles called amoebocytes. 

The course of the blood may diagrammatically be represented a. 
follows : — 


Pericardial sinus 
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Heart 



arteries of the limbs Supra-spinal Pre-abdomen Posterior part 
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Prosoma & limbs 


artery 
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A NEW SPECIES OF AVIAN CESTODE 
FROM INDIA 


By 

N. B. Inamdar, M.Sc., 

Biobgy Department, Karnatak College, Dharwar 

W HILE engaged in examining a collection* of Helminthes made 
during the last few years I came across four specimens of a 
Cestode belonging to the genus Shipleyia Fuhrmann 1908, from 
the intestine of a Black-winged Stilt, Himanlopus himantopus (Linnjcus). 
This genus was created by Fuhrmann to include a Cestode obtained by 
him from Grathnago gigantea from Vienna. So far the genus contains 
only one species Shipleyia inermis Fuhrman 1908. The species described 
in this paper is another. 

Shipleyia farrani sp. nov. 

Anatomy : — ^The maximum length of a full grown specimen is about 
120 to 130 mm. and the maximum width is 5 mm. All the segments 
are broader than long. Mature proglottis measures o . i mm. in length 
and 0.33 mm. in maximum width. 

The scolex (fig. 1) is o. 4 mm. in diameter. The rostellum is absent 
Instead of the rostellum there is a papilla in the same position measuring 
0.16 mm. in length. Suckers are nearly globular measuring 0.14 mm. 
in diameter and without hooks. The genital pores are irregularly alter- 
nating and are situated near the lateral margin of the proglottis. In 
this respect the arrangement varies from that of Shipleyia inermis Fuhr- 
mann 1908. 

The testes (filg. 2, T) arc present only in a few mature segments and 
arc about eight in nmnber, situated anteriorly to ovary, each measur- 
ing about 12 ^ in diameter. 

* I am thankful to the University of Bombay for the Research Grant given to me for 
this work to be oarried out at the Karnatak College, Dharvar. 

n(«) 



0.2 MM. 

fig* B 
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Vas deferens is not \nsible. The cirrus sac (C, P,) is elongated and 
varies in diameter measuring 0.45 mm. in length and extends beyond 
the lateral excretory vessels. It contains a well-developed cirrus (P) 
which in many segments is extended. In fully extended condition (fig. 3) 
it measures 0.33 mm. in length and o.i mm. in maximum width. In 
shape it resembles a narrow high cone and is very powerfully armed with 
backwardly directed hooks. As observed by Furhmann the arrangement 
of hooks resembles very much that of the Acanthocephala. The size of 
hooks varies at different regions, being largest at the base. The cirrus 
sac opens into a lateral genital atrium. 



02 MM 

Fig. 3 


The ovary (OV) is bilobed, situated in between two lateral excretory 
vessels. The vitelline gland (VIT) is situated posteiior to the p\aiy. A 
small shell gland (SH. GL) is also visible in |3etween the two lobes of the 
ovary. The female genital duct is absent. 

The uterus (UT) in the mature segment is ring-shaped. Later on it 
becomes sacculated (fig. 4) all the sacs being more or less in lengthwise 
direction. 




0.2 mk. 

Fig. 4 


The muscles are very powerfully developed. There arej (fig. 5) three 
rows of transverse muscle layers, and in between them two rows of longi- 
tudinal muscle layers arranged in bundles. In addition to this, muscle 
fibres are running in different directions. It is also found that the cirrus 
sac runs ventrally to the vential longitudinal excretory vessel. 



Fig. S 
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Discussion 

The wonabelox^ to the family Acoeleidae in virtue of its characteris- 
tic xnusculature, cirrus and the absence of vagina. The characteristics 
of this worm namely absence of buds, monoecious stroWus, numerous 
proglottids with male glands anterior to female glands, one genital pore 
in each proglottid, u n a rmed scolex, and armed cirrus, place this worm 
in the genus Shipleyia Fuhrmann 1908. The species can be distinguished 
from Skipleym inermis Fuhrmann 1908 by the difference in the arrange- 
ment of genital pores which is the most striking difference. In the genus 
Shipleyia as detoed by Fuhrmann the male genital pores are regularly 
alternating. This definition needs to be emended m the light of the 
preceding observation. The male genital pores may be regularly or 
irregularly alternating. In addition to this the difference in size of the 
scolex, suckers and other structures is also very striking. I consider it, 
therefore, to be a new species for which I propose the name ShipUyia 
farrani after Principal A.C. Farran of this College to whom I am greatly 
indebted. The following is the specific diagnosis ; — 

length ISO to 130 mm., maximum width 5 mm. ; 

Diameter of Scolex 0.4 mm., unarmed, rostellum absent; 

A papilla present ; 

Suckers four, each 0.14 mm., devoid of hooks ; 

Testes about 7 to 8, anterior to ovary, each is ^ in diameter ; 
Cirrus pouch long, measuring 0.33 mm. x o. i mm. ; 

Ovary bilobed ; 

Vagina absent ; 

Host — ^Himantopus himantopus (Linnaeus) ; 

Habitat — Intestine ; 

Locality — Dharwar, Bombay Presidency, India. 

References 

1 . 1908 Fuhrmann, 0. ‘Nouveaux tenias d’oiseaux’-Rev. Suisse de Zool., VoL 

16, pp. 70-73, figs. 68-60. 

2. 1932 Fuhrmann, O. ‘ Les Tenias des Oiseaux Neuchatel.* 

3. 1924 Meggitt, F. J. ‘ The Cestodes of Mammals, London,’ 








BCX)KS RECEIVED 


Jnnua! Seport of tJu : 

Imperial Agrionltnral Bareati, Twelfth— of the Executive Council, for 1040*4 |.vm^ 

Imperial Council of Agricultural Research, for 1940-41 » 

Sheth Wadilal Sarabhai General Hospital, Ahmedabad. 

BuUetin of the Madras Government Museum — Shells and other Animal remains 
on the Madras Beach — II — Snails, etc., (MoUusca Gastrypoda), by F. H, GravM, 
D.Sc., F.N.I., F.R.A.S.B., Vol. V.— No. 2, 

Calendar of the University of Toronto in Faculty of Medicine, for the year 1942-43, 

Internal Parasites of CatUe, by Gerard Bikmans, Circular No. 614, Jan. 1942, of the 
United States department of Agriculture, Washington, D.C. 

Prospectus of the King Edward Medical College, Lahore, for the year 1942-43. 

Beport on an Investigation into the Causes of Maternal Mortality in the City of Bombay, 
by Dr. J. Jhirad, M.D., B.S. (Lond.), Health Bulletin No. 29, 1941. 

Silver Jubilee Number of the Carmichael Medical College, Calcutta. 

Survival and Development at Low Temperatures of Eggs and Prienefeclive Larval of 
Horse Strongyles, by J. T. Lucker. Reprinted from Journal of Agricultural Research, 
Vol. 63, No. 4, Washington D.C. 

Acknowledgments 

Annals de la Universidad de Santo Domingo 
Food Manufacture 

The South African Journal of Medical Sciences 



EXCHANGES 


Aeta Oeoffraphica, Geographioal Society of Finland, Hebingfors, Finland 

is of the Bhandarkar Oriental Research Institute^ Poona. 

Atn opos, Interaational Zeitsohrift fur Volker-und Spraohenkunde Revue International 
'Ethnologic et de Linguistique, St. Gabriel-Modling, (near Vienna), Austria. 

Axhiv Orientalni, Journal of the Czechoslovak Oriental Institute, Prague. 

*^rpan Path, Aryasangha, Malabar Hill, Bombay, 6. 

^Bharatiya Vidya, Bharatiya Vidya Bhavan, The Clifflet, Worli, Bombay, 18. 

Bijdragen Tot de taal land-en Volenkunde van Ned-Indie, Van Galenstraat, 14, Gravenhage. 
^Biotogieal Abstracts, University of Pennsylvania, Philadelphia, U.S.A. 

^Boldin do Instituto Vasco da Qama, Nova Goa. 

^Bombay Medical Journal, Blavatsky Lodge Bldg., French Bridge, Bombay, 7. 
Brahmavidya, Adyar Library, Theosophical Society, Adyar, Madras. 

Bulletin de: 

TAcademie des Sciences, Mathamatique et Naturelles, Academic Royal Serbe, 

* Brankowa, Belgnide. 

Eoole Franqaise D’Extreme-Orient, Hanoi, Indo-China. 

Bulletin of : 

Hygiene and Tropical Diseases, Koppel Street, Gower Street, London, E. C. 1. 

The C!aloutta Mathematical Society, 92, Upper Circular Road, Calcutta. 

The Deccan College Post-Graduate and Research Institute, Poona 6. 

The Imperial Institute, New Delhi. 

The Industrial Research Bureau, Imperial Secretariat Buildings, North Block, 2nd 
floor. New Delhi. 

The Institute of Historical Research, University of London, London. 

The Madras Government Museum (Suptd., Govt. Museum, and Principal Librarian, 
Connemara Public Library), Egmore, Madras. 

Calcutta Review, Senate House, Calcutta. 

^Chemical Abstracts ; Published by the American Chemical Society, The Ohio State 
University, Columbus, Ohio, U.S.A. 

^Chemical Abstracts, Central House, 46-47, Finsbury Square, London, E. C. 2. 

Chinese Journal of Educational Research, Sun Yatsen University, Canton, China. 

Dacca University Journal, Ramna, Dacca. 

Drama : Published by the British Drama League, Adelphi Terrace, London. 

^Dwaja, Java Institute, AIoon-Aloon Lor, Jogjakarta, (Ned. Indie). 

Egyetemi Konyvtar, University Library, Debrecen 10, Hungary. 

Epigraphia Indica : Publiahod by the Government Epigraphist for India, Ootaoamund. 
^Helvetica Chimica Acta, C/o Dr. K. Schaefer, P. 0. Box 199, Bombay. 

* Nos. 1, 2 and 4. fNos. 3 and 6. 



86 


JOITftNAL OP THS UNlVBRSnY OF BOMBAY 


Indian Hiitaricdl QuarUriff, 9, FtoohUMai Ohoee Lane, Calcutta. 

^Indian Madras. 

^Indian SeUnee AhitracU^ 1, Ftok Street, Oidoutta. 

Indian Journal of Medical Reeeareh, Central Research Institute, Kasauii. 
f Indian Journal of Venereal DUeaees, 94-97, Girgaum Road, Bombay 4. 

Inlemational Cotton Bidlelim Published by the International Federatloii of Master 
Cotton Spinners and Manufacturers* Association, Manchester, England. 

XJaina Siddhanta Bhaekara and Jaina Jaina Siddhanta BhaTina, Acrah, 

Bihar. 

Journal of the : 

Andhra University, Waltair. 

Annamalai University, Annamalainagar, South India. 

Benares Hindu University, Benares. 

Bihar and Orissa Historical Research Society, Patna. 

Bombay Branch of the Royal Asiatic Society, Town Hall, Bombay. 

Faculty of Science, Hokkaido Imperial University, Sapporo, Japan. 

Faculty of Science (Mathematics), Osaka Imperial University, Osaka, Japan, 
tindian Chemical Society, 92, Upper Circular Road, Calcutta. 

Indian History,* Sripadam,* 143, Brodies Road, Mylaporc, Madras. 

Indian Merchants Chamber, Churchgate, Fort, Bombay. 
fKamatak Historical Research Society, Dharwar. 

Malaria Institute of India, Kasauli, Simla Hills. 

Muslim University, Aligarh. 

Osmania University College, Hyderabad, Deccan. 

Royal Asiatic Society, 74, Grosvenor Street, London. 

{Sind Historical Society, Karachi. 

§Sir Dorabji Tata Graduate School of Social Work, Byculla, Bombay. 

§Sir Rama Varma Research Institute, Trichur, Cochin State. 

Tanjore Maharaja Sarfoji*s Saraswati Mahal, Tanjore. 

University of Madras, Madras. 

University of Nagpur, Nagpur. 

*U. P. Historical Society, Provincial Museum, Lucknow. 

^Labour Gazette, Published by the Labour Office, Secretariat, Bombay 1. 

Man tn India, Church Road, Ranchi. 

fJlfemoiV# and Records of the Geological Survey of India, 27, Chowringhee Road, Calcutta, 
Memoirs of the Royal Museum of Natural History of Belgium, Brussels. 

Mimansa Prakash, 403, Sadashiv Peth, Poona, 2. 

Mysore University Journal, Mysore. 

Natural History, Magazine of the American Museum of Natural History, 77th Street 
and Central Park West, New York City, U. S. A. 
iNew Review, 10, Government Place East, Calcutta. 

Ohio Journal of Science and the Bulletins of the Ohio Biological Survey, Ohio State Univer«> 
sity, Columbus, Ohio, U. S. A. 

Philosophic Abstracts, 884, Riverside Drive, New York, N. Y. 

XPhilosophical Quarterly, Amalner, East Khandesh. 

^Planters Gazette and Ann^ial and Allied Journals, 5 A, Chowringhee Lane, Calcutta. 
Political Sciences Quarterly, Fayrewaatlut Hall, Columbia University, U. S. A. 


♦Nos. 1 and d! t ^^os. 3 and 5. 


X No. 2 only. { Nos. 1, 2 and 4. 




UORAKOE8 


8 ? 


Poona OrtentolMf, 15, Shukrawar, Poona City. 

FMicatiofia of the : 

^Academy of Natural Sciences of Philadelphia, Nineteenth and the Parkway, Philadel- 
phia, U. S. A. 

Academy of Sciences, W. R. R. SSR., Minsk. 

All Union Lenin Library, Mockba, (U.S.S.R.) 

Archaeology in India, New Delhi* 

British Museum (Natural History), Cromwell Road, London, S. W. 7. 

Bureau of Economic and Social Research, Sun Yatsen University, Canton, China. 
Central Kantoor voor de Statistik ,Schoolweg, 8, Batavia-Centrum (Java) 

College of Agriculture, University of Philippine, Laguna, Philippine Islands. 

*Cotton Research Station, Trinidad, B. W. I. 

Department of Agriculture and Commerce, Scientific Library Division, Manilla 
Philippine Islands. 

Director of Archaeology, Baroda State, Baroda. 

Division of Plant Industry, 590, Vermeulen Street, Pretoria, Transvaal. 

^Faculty of Science, Imperial University of Osaka, Osaka, Japan. 

Field Museum of Natural History, Roosevelt Road and Lake Michigan, Chicago. 
Imperial Bureau of Plant Genetics, School of Agriculture, Cambridge, England. 
Indian Research Institute, 170, Maniktola Street, Calcutta. 

John Hopkins University, Baltimore, Maryland. 
tKamarupa Anusandhan Samiti, Assam Research Society^ Gauhati (Assam). 
fKannada Research Office, Dharwar. 

Karnatak Historical Society, Dharwar. 

Kamatak Sahitya Parishat, Hardinge Road, Chamarajpet, Bangalore Gty. 
^Library of the Blathematics Society of Amsterdam, Singel 421 , Amsterdam (c), Holland. 
Library of the Royal Swedish Academy of Sciences, Stockholm 50, Sweden. 
^Mathematical Institute, Faculty of Science, Kyusyu Imperial University, Hukuoka. 
Millowners* Association, Patell House, Churchgate Street, Bombay 1. 

^Museum of Fine Arts, Boston MasHaohnsetto, U. S. A. 

JNagari Pracharini Sabha, Benares. 

National Agricultural Research Bureau, Nanking 10, China. 

Naturhistorisches Museum, Zoologisohe Abteiling, Wien I, Burgung 7. 

New York Academy of Medicine, 2 East I03rd Street, New York City. 

New York Public Library, Fifth Avenue and 42nd Street, New York City. 

Oriental Institute, Baroda. 

Oriental Mss. Publication Department, Trivandrum, Travanoore. 

Periodical Division, United States Dept, of Agriculture Library, Washington, U. 8. A. 
Royal Asiatic Society of Bengal, 1, Park Street, Calcutta 
tPunjab Historical Society, Lahore 
Psychological Institute, Sendai, Japan. 

School of Oriental and African Studies, Clarance House, 4 Central Buildings, 
Mathew Parker Street, London, S. W. 1. 

Science Museum, South Kensington, London, S. W. 7. 

^ Scientific Advisory Board, Indian Research Fund Association, Simla. 

Scientific library Division, P. O. Box 774, Manilla, P. I. 

Scientific Research Institute of World Economics and World Politics, Moscow. 

^ Smithsonifiti Sttstitution, Washington, U. S. A. ^ 

Societies Sc|A||ami Fennioae, Helsingfors, Finland. 

^«|kiti8tioall9|S^h Branch, New Dellii. 

^ okii ItItfPliA University Library, Taiwan, Japan. 


t Nos. 1. 2 and 4. 


I No. 2 only. 



m 


Kwajou. or tbm imW l i t ti / V <l# MMlilil 

ttkakAok Hofifcoim BibttoMe^iteooiduit^^ 

I^TmitT' of Oalifomia^ BofkoSo^* Oitlilociii% tJ. E A« r« 

UniwiHf of Oolotftdo, Boill^» CV>ip | i ft> 

Uaivonily of ]>ttfliaiii> 46^ Hortili Bullil^ iHddiAii^ Bngl>ttd. 

Unimsitijr of Uppsolft, Swodon. 

Utdywdty of Washixigtoa, SmMo, XJ. 6. A. 

Tale naimsi<Q/‘%U|fary, Hew Hllfren, Coniieotioat» U. 8. A. 

QmrUrif Jownal ; 

Indian Institute of Soienpe^ Bangalore. 

*IiooaI Self-Goyemwnt Institute, Bombay. 

*Ifythio Society, Daly Memorial Hall, Cenotaph Road, Bangalore City. 
tOuarterfy o/f&s Rajwade 8an$hodhan Mandalf Dhnlia, W. 0. 

Bosayemam, Kapilashrama, Foona 2. 

Bstfiew of the Academy of PhUoeophy and BeUgion^ Poona. 

Brntia De Pekdlogia^i-Pedagogia, Barcelona. 

BeviHa deH OoUgio De Aboyadoe, de Buenos Aires Paiagio da Jnstioi% 7 PIso, Bnme 
Aires, Argentina. 

Beetle de la FacuUe Sciences de VUniversUe ^Isktnbtd, Dtanbul, Bayasit. 

Bice IndiMe PampUet^ Houston, Texas, U. 8. A. 

Boufh African Journal of Bconomies, P. O. Box 5316, Johannesbnig. 

Thought, 329W, 108th Street, Hew York, U. S. A. 

Traimaeik, Shree Forbes Qujarathi Sabha Ifemdir, 366, Cfag»on, 0 k». I w M lii t MfclUlill 
Bombay A 

Unimeidad de Antioquia, Medellin, Kepublioa de Columbia. 

Vkfm^JKiaratf^uarterly, S hantini ketan, Beogal. 

Tmehing Jownal of Social Studies, Yenoh^ Didfmity, 



JOURNAL OF THE UNIVERSITY OF BOMBAY 

MARCH 1943 

SCIENCE NUMBER 

Section A— Physical Sciences, including Mathematics 

Editorial Suh-Committee^ 

CHEMISTRY 

Professor G. B. Kolhatkar 
Professor R. C. Shah 
Professor K. Venkataraman 
Professor D. D. Kanoa 

{Editor4n-Charge) 

PHYSICS 

Professor K. R. Kanitkar 
Professor H. J. Taylor 
Professor N. R. Tawde 

(Edttor-in-Charge) 

GEOLOGY 

Professor K. V. Kelkar 
Professor A. S. Kalapesi 

(Editor-in-Charge) 

MATHEMATICS 

Prinopal G. S. Mahajani 

Professor K. R. Gunjikar 
(EdUor^n-Charge) 




Journal 

OF THE 

University of Bombay 



[PHYSIGiL SCIENCES, INCLUDING MATHEMATICS: NO. 13] 


VoL. XI March 1943 


Part 5 

CONTENTS 



TRANSACTIONS : 



Hathematies 


Page 

A Note on a Definite Integral 

J. C. Swaminarayan 

1 

Interpolation and Summation Formuias and 
the Properties of Factorials — 11 

D. K. Sfn 

3 

The Product of Any Two Demlo-Numbers, an 
Approach to the General Theory . . 

M. L. Chandratreya 

AND D. R. Kaprekar 24 

The Value of 0 Appearing in the Lagrange’s 
Form of the Remainder 

G. K. Hebalkar 

.. 29 

Studies in Educational Statistics, V : Matri- 
culation Examination, 1941 — University of 
Bombay 

R. P. Shintre . . 

.. 31 

Studies in Educational Statistics, VI : Ranking 
OF High Schools by the Method of Adjusted 
Plot Yields 

N. R. Kulkarni 

.. 39 

Physics 



Optical Method of Measuring the Angle of 
Contact . . 

S. J, Khambata 

AND A. B. Sahiar 

.. 62 

Chemistry 



Dipole Moment and Molecular Structure, 
Part V : Dipole Moments of Derivatives of 
Ethylene Glycol and of Glycerides 

S. D. Gokhale, 

N. L. Phalnikar 
AND S. D. BhAVE 

.. 66 

Studies in Hydrolysis — II and III 

B. £. Mirza and 

G. D. Advani 

.. 63 



VI 


JOURNAL OF THE UNIVERSITY OF BOMBAY 


Paob 


Vapour Pressures of Halogen Acids in Non- 
PoLAR Solvents and in Solutions of Aroma- 
tic Ethers in Non-Polak Solvents . . 

S. P. Walvekar, 

N. L. Phalnikar 

AND B. V. Bhide* 

09 

Heat Polymerisation of Triglycerides, Part I: 
Tristearin and Triolein 

N. L. Phalnikar 

AND B. V. Bhide 

77 

Action of Sulphuryl Chloride and Diazoben- 
zene Chloride on Some Aromatic Thioethers 

A. V. Regs, 

J. W. Airan 
and S. V. Shah 

03 

Ortho-Ciwyl Butyrate and Meta-Oesyl 
Butyrate, their Preparation and Properties 

B. E. Mxrza and 

G. D. Advani 

87 

Addition of Phenol Ethers to Substituted 
Cinnamic Acids 

B. D. Pairl and 

K. V. Bokil . . 

92 

Improved Preparation of 4-Nitrore80Rginol 

N. B. Parekh and 

R. C. Shah 

101 

Synthetical Anthelmintics, Part VI — ^-p- 
METHoxY Phenyl- jz-Alkyl Butyrolagtones. . 

(Miss) R. Paranjape, 

N. L. Phalnikar and 
K. S. Nargund 

104 

3-4-DlMETHOXy-PHENYL-SuCCINIC AciD 

K. P. Dave, 

J. J. Trivedi 

K. S. Nargund 

111 

Synthetic Production of Camphor from Pinene, 
Part 4 — Oxidation of Borneols to Camphor 

B. G. S. Acharya, 

R. C. Shah and 

T. S. Wheeler 

113 

Observations on the Insecticidal Properties of 
Mercury and its Economical Use for the 
Prevention of Damage to Stored Food Grains 

K. K. Dole 

116 

Geology 



The Inter-Trappean Beds at Upparhatti 

K. V. Kelkar and 

R. B. Gupte 

121 

A Study of Dharwar Rocks Ocgurrinq around 
Murood in Belgaum District 

L. V. Agashe 

126 

NOTES AND NEWS 



A Diagnosis of the Present Situation . . 


138 

Corrections 



139 

BOOKS RECEIVED 

• « •• •« •• 

140 


ACKNOWLEDGMENTS 


140 



A NOTE ON A DEFINITE INTEGRAL 

By 

The late Prof . J. C. Swahoiarayan * 


To 


evaluate u 


r 


tan aH* 
l +«* 


dt 


This is a convergent integral and a* is pot in as a square as it must 
be the intention to consider only positive values of the parameter. 


— = r 

9(X~ ^ 


'00 


2a«* 


~dt 


Now use the result 

/•CO a;*" dx 


2a r" f __ 1 ) 

“ l+a* J \ j 

by partial fiactums. 


dt 


J 

o 

and we get 

l+x*" 

~ 2n 

Sin- 

2 ot 4-1 

2n 

TT 


2a 

r " _ 

+ 

an 

da “ 

1+a* 

L 2V2 CL 

2y/2 


] 


JL 

V2 


1+a^ 

It 


( 1 — a VS + a* ) 


(a»+aV2+l )V'2 

7C /\/2 

(tt+l/\/2 )* + (1/^/2 )• 


*The note is fram ft letter which the late ProfesaocSwMBiiunKMUiaRto : 
ftry 10 , 1042.:--Q. S. Ufthajanl. 
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. • . U ^ -v/2 tan (a\/2 +1) +0 
Now u and Ot vanish together and hence — 7C?/ ^ 

, • . w = TT j*tan* (aV2 +1) — tan 1 J 


7C tan 


’ ay/2 
2+ay/2 


. -I a 

= "■*" i+V2 

2. The particular case a =1 is interesting and can be worked out 
independently : — 


J '" -12 

0 l+<* 

i.+i, . 


/ OO -1 2 

^ l+<* 


I2 


put t— ^ and we get 
ftan’ (1/6*) 16 

^ 1+1/6* 5" 







INTERPOLATION AND SUMMATION 
FORMULAS AND THE PROPERTIES 
OF FACTORIALS-II 

By 

Dr. D. K. Sen 


1 Value of Fn{x) in the interval (r, r+i), where r is an 

X V/« integer less than n. Since | F„ (*) | = | F„ (n— a;) | , we need 
consider only the first intervals if n be even, and the first 
i (n-f-i) intervals if n be odd. Let us use the symbol M,i, r to denote 
this mean. Then 


r+i 



1 

0 


(i8) 


Now, the positive quantity 

Fn W + I _ . 

F„ (^-l-O-x+i-x+i ’ 

therefore, this is a decreasing function of x when *>0 ; and in the 

interval (r, r 4-1 )> 

n-r-i F, jx) 

r+2 ^ F„(*+i) r+i 


Hence we shall have 
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as well ; put r»0, i, s, . . . r — i in succession and multiply the results 
together. We then get 

(n~i) (n-a) ... («-f) (-O’- M., o 

^+i) ! ^ 

< ”(”-») ••• (w-r+i) (ao) 

From (19) weseethat— > i if r+S'^ it—r—t, or if^ r+i^ 

-MLh, r+ 1 

and that this quantity <i if r+i^^ «— f, or if, r+x (a+0- 

In other words, Mm, , decreases in absolute value as one proceeds towards 
the centre of the range (o, «), — ^an expected result. Thus the greatest 
mean for a given value of ;i, is M» q and the least is Mn, |n or 
when n is even, and Mm, nn^D when n is odd. And, the ratio of the 
greatest to the least mean lies between the limits given by (ao). 

For large values of n, Stirling’s theorem shows that the upper limit 

2* 

approximates to — — , and the lower limit to — =- , where m = J /i 
V n s/n 

when n is even, and («— i) when n is odd. 

Each of these values tend to infinity when n 00 • 

Like the maximum values of the ordinates, I have calculated the magni- 
tudes of the means for 2, ... 10, and the results are arranged in 
the following Table. 

Table III 



No. of diff. 

Magnitudes 

Ratios to 

Successive 

n 

means 

of means 

the least 

ratios 

i 

One 

i 

. • • • 

• • • • 

2 

One 

i 

• • • • 

• • • • 

3 

Two 

10 . i\ 
xtr 9 xx 

19 5 ” 

*•73 

4 

Two 

; W 

Cf 

a. 45 

5 

Three 

* * tf 5 3I* » 

4.52: 1.4a 1 

3-t8 




; 1 

1.4a 



aff 


6 

Tluee 

57 n i *4l ; 

y.ao: 1.84 

3.9a 



7H 

: X 

1.84 
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Table III — (cmtd.) 



No. of diff. 

Magnitudes 

Ratios to 

Successive 

H 

means 

of means 

the least 

ratios 

7 

Four 

377IS > 81 /xr 9 

13.60 : 2.92 

4.60 




: 1.29 : I 

2.26 



35vlr ; 27 St 


1.29 

8 

Four 

28641^ ; 

22.94 : 4 26 





: 1.59 •• I 

5-39 



53ii ; 1984*11; 


2.68 



124U 


1-59 

9 

Five 

24624*1 ; 

43-93 : 7-17 

6.13 


- 


; 2.31 : i.22;i 

3.10 



4016 ; 

1.88 



1296*4 ; 

688 ; 
5601V4 


1 .22 

10 

Five 

236469I ; 

76.73 : 1 1. 16 : 

6.88 



34400* ; 

3.17 : 1.46:1 

3-52 



9776* ; 

44951 ; 

3082 u 


2.17 

1.46 


If we denote by qn the ratio of the greatest to the least magnitudes of 
the means of F« (Jf) in the various intervals (r, r+i), we can get the fol- 
lowing relations as in the case ofp's. 


8 

m-Hi 






±i<?!?Ll:ior2+i. 


And, 


aw 4-1 

m4-2 


or 2 — 


<?2mi2 ora. 

ff»4-a ?i 2 <»+i ”•+* 


( 21 ) 

( 22 ) 


We thus observe that ■ ■ > 2 when n — co • 

Qn 

§ 3. SOME DEFINITE INTEGRALS INVOLVING F, (*) 


II. Three definite integrals (pt«., hp , Kjp, M^,) were introduced by 
Gauss and Laplace in connection with the summation formulas asso- 
ciated with their names. A number of formulae in these integrals have 
been found by the above<*named mathematicians and others. In this 
section I have given new formulae [viz-, (40)9 (42), (47)> (5*^)i 


(77, 


(53), (56), 

and (79)] as 


(64). (65). (67), (69), (70,. (73), (75), (750, 
so new derivation of old ones \vtz., (48) and (00)]; 


and I have added a few other integ^s (ri{., M'2;i, 
and discussed some of their properties. 


'ip* 


p) 
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The following integral 


M 


2P 


p 

" P-1 


0 

+* 


(2y) ! 


1 


(as) 


occurs in the second summation formula of Gauss (cf, Steffensen, loc, ciL, 
p. 109). From the above definition it appears that the integral 

= . An integral of a similar type will be 


_ least mean of Fa, (*) _ 1 


(24) 


Msj), p 1 r-nt / \ 1 

= (2i)+i )! = (2^+1)! J 

0 

0 

As M'2 p is also equal to 

we get 

1 

J'F 2 j)-i (^+j)— 1 ) =iM 2 p. ( 27 ) 

12. From definition, we have 

(2p)lMg^—j'F^p.j^(x+p-l)dx, 

0 

which by the repeated application of integration of parts, 

=[a:P 2 p-i (x+p-l)-^,F%_i(x+p-l) 

05S v2p*i"l TI 

+ n )-••• + ( 5^1 (2j>) ! J ■ (a8) 
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= F^i{y) -i,F^-i(j>) +^F!,-i(p)-... 


... + 


2 j)+l’ 


(ag) 


the number of terms in the scries being (2^ + 1 ) . The first term is clearly 
zero. In order to evaluate the other terms we utilize the following 
result : 

Let / (x) be a product of n linear factors, that is, 

Then the r-rt derivative of/(^), or 

fr (^x) =r! X (sum of products of the factors taken n— r at a time). (30) 
Now the factors of F2|>— 1 {p) are and . 


±1, ±2, 


± {p-i). 


Let us introduce the symbol SJ to denote the sum of products taken 
r at a time, of the following squares of natural numbers : 


i», 2*, 


and let Sir denote the sum of products of the reciprocals of these 
squares, taken r at a time. 

It is easy to see that 

5'Vl(^)=(-iri P': 

iP) j , 

F"'21.-iG1') = -F'2p-i (P) 3* srx^ , 


= iP) V SL-ii,etc. 


22 >* 

Hence, we get 


(31) 


M2J3 


(— ^ ) ^(y— 1) ! p] j 1 (1 _ 2 _ )_ 1 (1 _ . 1 ) gp-i 
^ ( 2 p)\ ^p’ 5 pf 


{ 2 pV. 

4 - ^ (1 — St} — . to 2p terms | • • • (32) 

When p is very large, the second terms in the small brackets can be 
neglected, and we have 


M 2 jp 


+ 


(33) 


from Stirling’s theorem, S_r standing for when n is infinite. Now 
from a well-known trigonometrical result, 


X 


X 


sinTC-v/i ,, X 


\ 

•• • i 


(34) 



d 
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it follows that 


®“'‘ (29+1)' 

If we substitute these values in (33) we get the series in brackets 


2 /, ^ 4 

-2 (1-cos 7C) =-a 


Therefore, 


229-1 Js/Ip-- <37) 

For another method of derivation of this result see StefTensen, loe. cit., 
p. no. 

13 . Recurrence formula for M’s. 

(t) Let us assume 

a:?? = Opfi x[29+i]-i + ^ a;l2i.-i]-i -f ^a;[2i)-3]-i + . . . 

+ + (38) 


These coefficients are different from the central differences of nothing. 
The ah can be found by expanding in power series and then 

equating coefficients of different powers of x ; alternately, put 

■ in succession. In each case we shall get a system of linear 
equations from which the values of the constants can be determined. 

It is however easy to see that Op^ ^ ^ i ( 4 p* — i); 

«r.p-x=i (3*' -O* 

It is possible to express the ah in terms of central differences. Put 
/ (;tf) for X , and operate both sides of ( 38 ) by § 2 ^ ge^ . . , ^ and 
put |in each result. We shall then immediately obtain the follow- 
ing' expressions for the coefficients : 


22P-2 — 2 ! 




<^P. P*-2 
22P^4 



etc. 


(39- 


The sets of coefficients will be different for different values of p ; the 
easier and more practical way for determining the coefficients for the 
first few values of p at least, is by the method of synthetic division. If 
we put 2x=X and multiply ( 38 ) by 2 2 p , we get 

X2 p (X 2 — 12 )-}- a ^ (X2 — 12) (X2— 32) -j- . 

. . . +Uj.,, (X*-12)X2(-38)...{X2-(2/-1)3}, 
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writing the terms in reverse order. The following scheme of synthetic 
division is now self-explanatory. 


18 

)_L_ 

0 

0 

0 

0 00 

3* 

)J_ 

I 

I 

I 

I I 1 

5*^ 

)_L- 

10 

91 

820 

7381 66430 

7* 

)-i_ 

33 

966 

24970 

631631 

9* 

)_L_ 

84 

5082 

274088 


118 

)« 

165 

18447 

... 



I 286 


For any value of start with the i below the p~Xh zero (counting 
towards the right) in the first row, and proceed diagonally downwards 
and backwards; the figures will give the values of i> 

^Ptp^2 • • • in succession. For instance, for />=4, the corresponding figures 
are i, 820, 966, 84, i. 

Wc shall suppose that the a’s have been determined. We integrate 
both sides of (38) between the limits — J and + Dividing the result 
by {2p) ! we get the formula : 

P I 1 m 

(2;p+ 1)! 2^,2p (2 j 3— 1) ^2p-2 

2*.2^) {2p-\)X^p—2) {2p—Z) 

+ ... to terms. (40) 

(it) Let us next use the central differences of nothing and put 

2P+2= ^ X + Cp,2 X 

+ +Cp,pX^3\ (41) 

where (2/1+2— ar) ! 

The scheme for synthetic division for the first few c’s are given below : 


»•) 

I 

0 

0 

0 

0 

0 

0 

a*) 

I 

1 

I 

I 

I 

I 

I 

3*L_ 

1 

5 

21 

85 

34> 

*365 

" . . 

4*)_ 

I 

H 

*47 

1408 

13013 

, , 


5*L_ 

I 

30 

Cl 

1 1340 

, , 



6*) 

1 

55 

2002 

. • 





9 * 



10 
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Wefakve 


' * r 

M,,«9 M' J X [>f+» -1 dx. 


Therefore, if we divide (41) by x and integrate both sides between the 
limits 0 and i, we shall get after a little simplification 


“ (2p+8)! “ + 0 


£Ei1 


f;>»2 


+ (2/+iri>"(2/>-i)' (2^-2) M2r~4 + ' • • -to/ terms. 


(42) 


(«7) Bessel’s formula for interpolation with the remainder term is 
{cf. Steffensen, loc. cit., p. 30) : — 

irv[2rt'fl]— 1 vI2m+1] "1 


*[2r+ n— J 


/ ( 6 ). 


(43) 


Let us apply the formula to / (x) =cos (2x— i) where 0 is a constant 
that can be chosen conveniently. Then 

i [/W +/(* + 0] == cos 2X0. COS 6, and 

□ 8*"/(i) = 2 cos 0 [cos 2« 0 — 2»Ci cos 2 (n— l) 0 
+ 2"C2 cos 8 ( n— 2) 0 — . . . J 

=COS0. 2 *«. (-!)» Sin2»0, ( 44 ) 

from a known trigonometrical result. 

Integrate bo* sides of (43) between the limits — J and + | for the above 
assumed ftmcdon and substitute the values from (44). We get 

lin fi ^ * 

^ = cos 0 +S (—1)" cos 0. (2 sin 0)2“ + R', (45) 

^ llsssi 


where 


R' = / 


+J * 


' (2^)! 


/2r (1)^ 


= M„./«r($), (46) 

by the Mean Value Theorem, since xt®*’+‘]— * has the same sign through- 
out *e interval^ the two ^’a are, of course, different. 

N^w, 

/* (*) = (—0®* (* 6)*'. cos (8X— l) 0. 
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Tlietefore, 

1 R' |< I May. (2e)«F I < 




{2p ) ! 
(^1)2, 23'' 


< 0% 


since it has been proved in Steffensen’s book, p. i lo, that 

2P — 4l> 

I M221 I Cp 2 • 

So, I R' I — >-0 when p — >- 00 , provided that | 0 | <1. 
Hence we shall have 


tan 6 sin 6 
0 6 cos 0 


= 1+2 ( — 0” (2 sin 6 )a» 


because = i . The above result is proved for any value of 0, less than 
unity in magnitude. We note that M2 is negative, M4 positive, and so 
on alternately ; so that the infinite series (47) is really a series of positive 
terms. Applying D’Alembert’s ratio test for convergency, we get 


M2n-f 2 

n 


. (2 sin 0)2 


sin 2 6, 


for large values of «, with the help of (37). Hence, the series will be con- 
vergent if I sin 0 I <1. It will, however, be divergent when | sin 0 | =1, 
as will be evident by comparing its terms with those of the divergent 
series ^ . This extends the range of convergency of the series to 

0 ^ 0 < ^ 7t. And as the left-hand side of (47) is the sum of this 
series for a variable 0 although less than unity, the same must be the sum 
for the whole range of convergency. 

If we put Q = ^ — in succession in (47), we get the following 

643 

interesting results : 


3V3 


= 1 + 5: Man 

n=i I 1 

= 1 -t* S 2** M2 

cx> I 

sss 1 -j- 21 3^ I Mlj 


> and 


3 
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(iv) Wc arc now in a position to establish more recurrexice fbimuhe 
for the Multiply both sides of (47) by 6 and expand in powers 

of sin 6 f using the results 


I sin® 6 . I .gsin'^O , 1.3.5 sin 6 


tan 6 = sin 6 + — sin® 6 + — sin® 0 + ^^5 sin^ 0 + . . . . 

2 2.4 2.4.0 

Equating coefficients of sin ®f+i 0 from both sides, wc obtain after a 
little simplification, the formula 

(^i)p. r _i "I 

2.4. . . 2j& L ^ 2/ + I J 

=M2p — g j“ M2i>— 2 + ^ 4 " I j - ^ 2 p -4 • to ^ terms, (48} 

which is the same as Steffensen’s formula (cf. Interpolation^ p. 191)* 

(v) Other recurrence formulae, although with more complicated ex- 
pression for the coefficients, can be derived from the formula (47). Let 
us, for example, expand both sides in terms of 0 . We know that 


tan 0 

0 


=B 




+ . 


(49) 


where the B*s are the numbers of Bernoulli. Also, 


sin 2’'e = 03" (i -fr+fi--- 

= 02” {hn,o + bfi^X 0* + ^>1.2 


. )2'‘ 

0^+ . . .), 


suppose. We can find that 


I. J. _ 1 __ (sn — i) 

On,o — I, ^ Y*! ’ ' 


2®fl 

*«,3 = (35 -21 n+4). 


=y|^(i75«® -210 n* +ioi b-i8), 

etc. Substitute these in (47) and equate coefficients of 0 
sides. Then 


(50) 


from both 


(-i)p B 


2P + 


4(23I>^2-0 
1 (2^+a) ! 


h.l 


M 


2P— 2 


Pn.2 


M 




+ . . . to ^ terms. (51a) 

As another alternative let us expand both sides of (47) after multipli- 
cation by 0, in terms of powers of tan 0, it being understood ^t 
TU 

1 0 1 < — for this expansion. W? get 
4 
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tan 0®= (tan 6— J tan *0+ j tan ®0— . . . ) 

00 

+ ( — l)"M2n (2 tan 6)2" 


X I (i —n tan*0 + tan*6— . . .) (tan 0— i tan*6 

+ ^ tan ‘6 - . . . [ . 

Equate coefficients of tan^i’+i 0 from both sides; on division by 
(— the result becomes 


“ = (, +',)ai> <'5^ 

+25 ^+6) + 2,-^8- (SS/*® + 35 J>* +i I2J&+30) M2,.6 

+ . ( 5 Jb) 

evaluating only a few terms of the resulting series. 

(vi) Let us integrate both sides of (47) between the limits o and 0 
(<j 7 r). Then 

0 

sine [1+1^ (-1)" (2 sin 0)2-]. (52) 

0 

By comparing the series on the right-hand side when 0 7 t with the 
convergent series S series is convergent for 0 = J tt 

as well. Hence putting 0 = - in (52) we get 


7 r /2 

/ 




M., 


(53) 


14. The second definite integral involving F {x) is also due to Gauss 
and is defined by 


P-i ' 

Since Fzp-z (*+^-0 or X [ 2 p]-l ij an odd function of x, 
+J P—i 

J F2p_2 {x+p-l) (2a!=o= J F2p-2 (a:) dx. 

-i p-» 



*4 
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Now, F^-1 W ss (*— a/+i) F^-2 (*) 

. = (*-^+i) S'aj.-Z (*) -j> F^-2 (*). 

Integrating between the limits p-^% and jft— we get the followbg set 
of values from the first set. 

P+l p-\ 

“ (^! “ (^) ! (®) 
p-i P-! 

-J 0 

Following the method of Art. 12 we obtain from the first integral 

(2?)! (p-l) 

•f gg^ F*2p-2 {p—\) — .. . to 2j> terms, whence 


(-l)p-l 

24 i)— 3p! 

(2p-3)tr 1 / 
(iJ-2)! L2-2IV 

_2L/i 

3 _ V"' 

2.4! 

■ 5 i 2 p-l)J.i 

+24 ix 6 

_ ® 

7(2;>-i)y _2 


^^\'^y~TW^l)) -2 - terms, J (54) 

where stands for the sum of products, taken r at a time, of the re- 
ciprocals of sqimres of the first p odd natural numbers, viz., i, 3 , 5, . . . 
(2/— i). As will appear from the above, ^^2. 

If we denote similar smns to infinity by the symbol S-r we shall have 
for large values of p 


Kbo'^-s ^ r 1 _ _ 2 L V I _ 1 L y 1 

22p+2 7t V2 pm ^ 2 . 4! _1 “^2 . 6 ! “ J- ( 54 a) 

But from trigonometry we have 

— ^1 — ... to infinity. 


Whence we dbtain 


2 

~2*'.(2f)I 
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With these values the series in square brackets on the right-hand side of 
(54a}, become equivalent to 


cos^^ , or to 
Tt‘\ 2 / ’ tt * 


Thus we obtain the known result {cf. Steffenscn, loc. cit., p. 109) : — 

^ 1)P-1 

22p-l 7 c 5/^3/2 • (55) 

15. Recurrence formulae for K's. 

(i) Let us integrate (38) between the limits 0 and i. We shall then 
have, after division by {2p) ! and a little simplification, 

22p-(2y+l) _ ^ 

2 ^P.{ 2 p+l)\ 

04 o*, 1 \ tn^ o\ o\ ^2|»— 4‘|“ • • . to p terms. 


2*.2p {2p—\) \2p—2) (2^)-3) ^2p-4+ ... to p terms, 

(56) 

the last term of the series involving K2 . 

(ii) Let us replace in (41) by />— i, and integrate between the limits 
— i and On division by (2^) ! we get 


22i>. (2^)+!)! 2 p — ^ 

+ 2? {2f-l){2p-^) (2y-3) + •«>/■>">«»• (57) 

(iii) Next, we shall establish a new trigonometrical relation similar 
to (47)- 

Stirling’s interpolation formula with remainder term is {cf. Steffenscn, 
loc. cit., p. 2 ^) : — 


Cp-1,1 


K2p-2 


/W = S 


sr 


/(0) + ^,8- 

^[2/>+2] — X 


/(O)] 


it being understood that there should be no term which would contain 
( — i) !. Apply this formula to the function /(x) =cos (20x), where 0 is 
a constant to be chosen conveniently. This makes 

5^'‘/(o)=(-0’*- (2 sin 6)*’*. ' (59) 

Integrate both sides of (58), for this function, between the limits — J 
and +i). Taking into consideration that 


J x[2»]-i(Zaj=0, 
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we get 


^ = I (~1 )» K 2 « (2 sin 6)2» + R', 


where 


r a;[2^+2]-l . 


ii * 

C I r r[2/»+2]-l 

^-V {w+w< ^ 


The quantity x[2^+i]-l does not change sign in the interval (—i, o), 
or in the interval (o, +i) ; and 


ff ¥ 

j x[2/>+2]-l dx = — j a;[2p+2]-l <^3; . 


Further, sine of an angle does not exceed unity. Therefore, applying 
the Mean Value Theorem to each of the integrals of (6ia) and taking 
them together, we get 


B'|<2.(2 e)^+>|/g^^, 


Since the maximum value of F2P (^+/>), or ;if[2i&+2]-l in the in- 
terval (0, i) occurs beyond ^=J, (see the result at the end of (iii) of 
Art. 8), it is evident that 


^[2p-{-2] —I 


< M/r^TDi 


(-2? + 1)! ^ = I/ (2^Ti)! r' " 

from (27). Therefore, 

I R. I < I I . (6j) 

Considering the asymptotic expression for | M2 j> | , we see that for very 
large values of 

I Tj, I ^ 2.02y>+l _ 

I ^ I < ^ai2 pin' (63a) 

Hence | R' | — >-0 when p — >-x, if | 0 1 < 1. Thus we 
have for [ 0 | <1, 

= 1 + 2 (-1)* Ka. (2 sin 0)2“ , 


(64) 
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Ko being unity. 

Since Kj is p^itive, K4 negative, and so on alternately, every term 
of the series (64) is negative ; and since the left-hand side is positive for the 
range of 6 under consideration, the series under the summation sign must 
be less than unity. 

D’Alembert’s ratio-test will show that the series is convergent when 
I sin0 I < or I 0 I Further, when 1 6 | , a comparison 

of this scries with the convergent series si > will show that the former 
is convergent too. Since (64) is true for a variable 1 6 | , although^ i, 


it is clear that the right-hand side will continue to have 
sum even when 


sin 0 

0 


for its 


1 <| 6|<1 

Let us put 6 = ^ ^ J ~ (64). We shall then obtain 

o 00 

^ = 1 ~ 2 1 1 , 


7 C 


2 V 2 _ j _ 


n=:i 

00 


TT 


E 2 ^ I K2» I , 


W3 


n=l 

00 


and 


= 1 -- 2 3^* 1 Kgn I , 

»=i 

= 1 - 2 4 ” I 1 . 


7 C 

TC «=! 

Finally if we put 6 =ts^ simplify, we get 

_6 Vs+l 

TT 2 


-!,m 


2»— 1 


I Kj. I . 


Also, on integrating (64) between the limits o and In, we obtain the 
result [cf. (53)]: — 

= ^[ *- ' ]• 

(iv) Multiply both sides of (64) by 0 and expand in powers of sin 0 . 
EquaW coefficients of sin 0 we get after a little simplification, 

■K2P-2 

( 66 ) 


(- 1 )^-^ 1 . 3 . 5 ...( 2 p-l) _i 

2 *^ ■ 2 . 4 . 6 .... 2 p 2 p 4 -l 


2*. 3 


I - ... to p terms, 

^2^6! 
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the known fonnula {cf. Steffensen, loc. cit., p. igi). 

(v) If we expand both sides of (64) in powers of 0 , and equate co- 
efficients of we shall have after cancelling common factors from 
both sides, 

22P(2^+1)"! ^ — ..top terms 

(67) 

where the b’s are given by (50). 

(vi) Replace 0 by 30 in (64), and divide by cos 0 . We shall then 
obtain 

?^t^=sec0+ 2 (— l)*K 2 n (2 sin0)2» eos2«-i0. (68) 

v) n=:l 

Equate the right-hand sides of (64) and (68) ; if we expand these in 
powers of sin 0, and compare the coefficients of sin*^0 from both 
sides of the new equation, wc get on rearrangement, 

{22t>-l) (2^,-1) (2^»-l)(2;,-3) 

22p 2 ^ lV.2j)-2 i 2'-*^. 2 ! •‘^219-4 

, (2^-1) (2;)-3) (2^-5) „ , ^ ^ ^ 

+ 2>5T3'! ■ ~~ Ki,-e+ •'>/' >“■>» 

_ (-l)f 1.3.6....(2p-l) 


(vii) Again replace 0 in (64) by 3 0. Since sin 3 0=3 sin 0 
(1—3 sin® 0 ), we shall have 

( 1 - 1 ^ (-1)” K 2 „ (6 sin0)2»x 

(1 -i sin2e)2»-i. (70) 

Thus the right-hand sides of (70) and (64) are equivalent. 

Express both in power series of sin 0 and equate coefficients of sin 2^»0 
from the results. After a little rearrangement we shall get 






+ . . . . to 2j& terms 1. 


16. Relations between the MV and KV. 

(i) From (47) and (64) we get 

1+2 (— l)^»K2n (2 8itl0)2» 

?l = l 

= cos0+ S (— 1)" M2n (2 sinO)*" COS0. 

«x=l 


(72) 
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Eximss cos6 in power series of sinSt and equate coefficients of (*-!)>’ 
(a sinS)^'' from both sides. Then 

K,=Mv+ i Mv-.- M,,.. + ^ M,-,- 

nr I 1/ -iXa^*^*®*** n/r 

M 2 /- 8 +.. ..+(— 1)^ 23^-3. 

to) 

a 

(ii) Differentiate (64) with respect to 6 and multiply by ; then 

1 :^ (-l)* K 2 „( 2 sme) 2 «-l( 4 ne),or,from( 47 ), 
S ( -I )*+i M2n (2 siixe) 2 » = S ( -1 )» K2„ ( 2 sme) 2 ’-i X 

n«sl fissl 

(^■6)- (71) 

Equate coefficients of (—1)^ (2 sin 6)2 p, after expressing 0 in powers 
of sin 0 . We thus obtain 


+{-l)'ri 




.{ 2 p—l) ‘ 2 . 4 ....( 2 /y— 2 ) ^ 

This relation shows that ^ 2 p ^2p opposite signs and 

that I M2P I ^2/> I K.^p [ . 

Multiply ( 66 ) by ( 2 />+i) and subtract (75) from the result. After 
transposing2 we get the simpler formula 

[ 12 1 ^ 3 * *1 

Kjj, ■^'2 ^ -...to/ term* J 

(iii) Divide (68) by cos 9 and use (47). Thus 

1 + S (_i) Mj, (2 sia 6)*" 

=sec*e + S (-1)’ K,. (2 sin e)«-cos a»-»e. (76> 

Anl 



«0 


loomAi. or Tn mnvsMmr or aamnr 

Eimandthe right'hand •ide in power series of sin 6 and e^pute coeffidems 
of (—1}'’ (3 sm 6 }*^ from boA aides. We get after divuten by 8 *r, 


H 


Sr 


‘-i^+2‘' fs., +«=^-K 


L 


2* 


‘■sp-a 


+ ^ 2* Ka#^4 + <** to ^ terms (77) 

17. The third definite integral involving F. (x) is associated with 
Laplace’s summatbn formula, and is defined as (^. SteiSmsen, he. eit., 
pp. 104-107) : — 

1 X 


0 o 

A recurrence formula in the L’s is easily derived by the consideration of 


the integral 


f (i+O* 


dx. Its asymptotic expression for large values 


of p is given by 

L,-. {=^. 

V log P 

When p is very large, we have from (27) and (37) 


and 


qap or 


qj?^+i or 





2Pl 




M' 


2 p 


2 sj>-a „s;s 

pMz loga (2p) ’ 

2*^-1 „S/2 

p\U log* (2p-4-l) ‘ 


(79) 


18. From the definitbn of K.2p (rf. Art. 14), it is evident that 


E 


S|» 


(2;>)! 


1 




P-i 




f (x—p + l) F^a (a:) dx. 


But the second integral = (a:— P+i) A, (80) 

where A is the area under the curve j>=F2^-2 (x), from x=p— 1 to 
jc^p—^, and X the abscissa of the mean centre of this area. Let us define 

The integral is also equal to 

p-l * * o 

-fp,-. (a;) dx = J xim-idx * - J dz. 
p-i 0 -4 


(81) 
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fit 


We have altead^ come across this integral in (63). Other forms for 
it can be easily written as has been done in the case of . Putting 
j^+i) {(xp and calculating the integral last written, we get on simpli- 
racatbn, 




;S’: + 


S' 


2 *. 2 _ 1 ^ 2<.3 _2 


(8a) 


The first few 9 ’s are : 

O© ~ i > ~ “ 


J-- a - 

384 ’ * 46080 ’ * 


4633 . 

6193152 ’ 


1847633 


11147673600 


When p is very large, a. 


SP 


+ 


4*. 3 


S_a...l = 


] 


(— i)^7ti r. 

22^+4 jyi 
(-1)" 

22^+1 7t2/2 pi 


, or 


(83) 


19. Let us find the abscissa of the mean centre of the area under the 
<mrve (;if) from x=p to We might introduce a new 

integral in this connection, vi^,, 


7»+l 


D 


2P+1 


(2jfr+l)! 


/ (x-p-i) Fa, (x) dx 


(2J&+1)! 


{x'-p-\) A', 


“ (2j&+i)! / > 


(84) 


where x' is the abscissa of the mean centre and A' the area under question. 
A'=M'2, (sp+i)!, or JMap (ap+i) !. Therefore 

D2J.+1 =K»'-P-\) Map. (84a) 

Whenp > 00 , the area tends to become symmetrical_aboiit the ordi- 
nate at the mid-point, eic., the point *=J>44» and hence x' tends top-l-J. 

Since xCSr-t-il ig an odd fimction of x, its int^ral between the limits, 
—a to -1-e would be zero, and hence 

+4 


®ar+l = 




(S4b) 
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BS 




= (2/+2) M 2 P +2 +J(2^+l) M„. 

Therefore^ 


»' = 4(^+1) 


M 


2J?±2 


M 


2P 


-fi (2^+1) , 


'Which tends, when p is very large, to 0 (see above). 
It can be shown by evaluating (84b) that 


2*'*^ pi ip- 


— i 2^^ 4- ... to/+i terms J • 


(85) 


(85> 


(87) 


The first few D*s are as follow ; 

D — qtt . T) ? ^ K • 

12 ^3— 720“ 17 * ’ 

T> _ 1 T1 30256 

“ 6720 — 367 ~ 87091200 ■” 82677 * 

Also, for large values of p, 

T) t. ( /| ^ ) 

^ 2 P +1 22>’+2 „ 3/2 jy 8/2 v -*^ ^3 / 

'"^2 ) ®^ 2 i >+2 > ( 88 ) 




7C 


K 


2p*2 


nearly, if we take 7r®= 10 approximately. 


20. From a comparative study of recurrence formulae (48) and (66) 
for Mjp’s and K2p’s, it is clear that any linear combination of the two- 
will also satisfy similar recurrence formula except for the constant term 
on the left-hand side. The coefficients occurring in the linear combi- 
nation should, however, be independent of p. The quantity D2,i+i can- 
not therefore satisfy such a formula, but if we introduce another quantity, 
say 
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as 


it will. In fact, we shall have 

1.3.5. ...(2^-1) />+! 

2.4.6 2p 2j&+l 

1* , 1*.3* 

~ 2*73! ^ 2^.51 ^ 

The quantity ^ (a^)! represents the area under the curve 

j»a=F 2 i>_i (*) fipom*=^ to *s=^+i. It is also equal to the definite 
integral 

dx. 

However, recurrence formula for D 2 p+x c^ be easily obtained, 
either independently, or with the help of the relation ( 85 ). 

(7b be continued) 


Rajaram Colleoe, 
Kolhapur 



THE PRODUCT OF ANY TWO 
DEMLO-NUMBERS 

An Approach to the General Theory 

By 

Professor M. L. Ghandratreya, m.a., 


AND 


D. R. Kaprekar, b.sc,, s.t.c. 


/ ^ \ SOME particular types of products of Demlo-numbers have 
I i I been already discussed elsewhere ; e.g., the Product of Super- 
' ' wonderful Demlo-numbers in March 1942 and a case of the 

product of two DenJo-numbers in November 1942, and product of some 
Linear Demlo-numbers in November 1939. We are now in a position 
to take up the product of any two Demlo-numbers of any type and any 
length. In this article it is proposed to give a genesis of such products 
and an approach to their determination. 


(2) It has been pointed (B. U. J. March 1942) that ^ has recurring 

? ;riods consisting of 9, 3, or i digits, where M is any number < 81. 

he following two theorems in connection with these recurring figures of 
M can be easily seen to be true. ■ 


Theorem L Take the recurring digits of again and again. Take 
also the same cycle of digits beginning at some other digit in the former 
sum. Subtract the smaller from the bigger and the difference is a number 
consisting of the same single digit repeated. Thus 


= .209876543 


Take this cycle 209876543209876 .... 
and another, say, beginning at 8, 876543209876 . . . . 
subtracting the smaller from the bigger, 

876543209876 

209876543209 


66666666666.7. 
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We sec that the same digit 6 is repeated. Even if the greater is sub- 
tracted from the smaller thus 

209876543209 

876543209876 


333333333333 

the same digit 3 is repeated. This is true for any value of M whether 
the recurring period is of 9 digits or 3 or i . 

Theorem IL This is just a converse of Theorem I. If we write any 
digit repeated K times and subtract from this number the period of , 
the lusult of subtraction is the period of some other number . Sym- 
bolically (r)^ example, take r=8 and M=37. 

Then 

11= -456790123 

And therefore 88888888888 
45679012345 

43209876543 

The subtraction gives .432098765=1! 

(3) It has been shown (B. U. J. November 1940) that the product 
of two non-similar Demlo-numbcrs M (r)n P and M' (r'),/ P' reduces to 

a; X -• j (10 ') 

Where G=(9M+r) (gM'+r') and (gM+r) and (gM'+r') arc the 
demlofiers of the two given numbers while n+rii and n^-\-n\ are their 
lengths. We shall bring out the peculiarities by considering a few 
numerical examples. 

(4) Example /. 15 (4)8 agxig (5)5 36 

The demlofiers of the two numbers are 15 X 9 +4 =139 
and 19x9+5 = 176 

15 (4)e 29=139 X (1)10 and 19(5)^ 36 = i76x(i)7 
Hence the product =i39Xi76x(i)io x(i)7 

=302 X (10*®— i) (lo’f— i) 

=302 A X (10” — io“ — to’ + i) 
arranging the powers of ten always in descending order. Here 
A = .624691358 
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Thus 302.024691358 is to be multiplied by the bradceted 

S ity (10” — 10*® — 10^ + !)• Multiplying by 10” means only 
g the decimal point 17 places further down when the cycle of 
figures is repeated. Similar interpretation being ^fiven to the other 
products by 10*®, 10’ and 1. The combined work is shown below in 


four lines. 

+ 30202469135802469135.802469 (i) 

— 3020246913580 . 2469 (ii) 

— 3020246913 . 2802 (iii) 

H- ^^02.0246 (iv) 


The first and last lines are positive and the 2nd and 3rd are negative. 

(5) We shall obtain the result step by step. In subtracting (ii) from 
(i) we have the application of Theorem I except for the first few figures. 
The difference is 


302024661 15555555555 • 5555 (v) 

Subtracting (iii) from this result and applying Theorem II, thus 

302024661 155515555555 • 5555 

30210246913.5802 

302024661 1 253I530864 1 . 9753 (vi) 

The new period is 530864197 and this is repeated again and again. 
Adding (iv) to this quantity 

302024661 1253I5308641 .9753086 

302.0246913 


302024661 1 25315308943 . 9999999 (vii) 

Putting .9999 =1, we get the whole product required 

302024661 X253|5308|944 

The point to be noted is that the result ultimately is written as an 
integer even though the process is carried on in decimals. In every case 
the figures after the decimal point ultimately are 9s repeated, the equi- 
valent value being taken as i . 

(6) Example II. 15(4)1229X19(5)536 

= i39Xi76x(i)i4X(i)7 

/ lo’*— 1\ / 10''— 1\ 

302. 024691358 X (10**— io“— loHO 
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The following will show the work that is done in this connection. 


+ 

+ 


30210846913 5802 46911358024.69135802 (i) 

302 0246 9 1 35802469 . 1 358024 (ii) 

302I0246913. 580246 (iii) 

302.024691 (iv) 


(i)-(ii) gives 

302)024661 1 1555555 W555555 -555 (v) 

(v) — (iii) gives 

302)024661 1 ' 5555 lg5353Q864i .97539 (vi) 

(vi) +(iv) gives 

302)02466 1 1 15555I2535308943 • 99999 .'. . . (vii) 

Hence 

302I024661 1/5555I253308944 (viii) 


is the required product. 

The answers of Examples I and II differ only by the repetition o. 
the digit 5 occurring in the middle part four times. 

(7) A few observations will be made with respect to the processf 
The 302 in every line will be referred to as the integer and the remaining 
part as the decimal of that line. While subtracting line (ii) from (i) 

we have to subtract 302.0246 from the above line. The process 

of subtraction does not give any carrying of one when 302 are being 
subtracted from the above line. This fact we shall indicate by saying 
that the integer in line (ii) has a zero type. The integer in line one 
remains unaffected while the integer in line two may or may not remain 
unaffected. When it is affected by carrying one in the process of sub- 
traction, we shall say that it is of + type. In the example we have taken, 
the integer in line (ii) is of zero type as already indicated. 

Now consider the n^xt result of subtracting line (iii) from (v). Here 
again while subtracting 302, the integer from the above figure, there is 
no carrying of one from the previous digits and this integer in line (iii) 
is also of zero type. 

It no^v only remains to add line (iv) to the result so obtained. After 
the addition the decimal part is always . 9999 .... which we take to be 
equivalent to i. This means that the figures after the decimal points 
may be dropped out altogether and the result compiensated for by adding 
I to 302 of that example. In view of the integers in line (ii) and (iii) 
not being affected in the example taken, we shall call that product as 
of (o, o) type. The behaviour of integers in lines (i) and (iv) has been 
already described above. 

(8) Example III is added to bring out the necessary details once more. 
25(8)2 63x18(4)5 26=233 X 166 X (1)4 xCOt 

=38678 X X 477 87 X (10" — io’-io* + i) 

-=477.506172839 X (10'*— lo’— io*-J-i) 


5(a) 
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Therefore writing the four lines 

+ 477I5061 

477 


+ 

Hence 477)458412222222 (v) 

While obtaining this, there was no carrying of one for the integer 477 
of line (ii). While subtracting (iii) from this result (v), one has to be 
carried to the integer of line (iii). Hence this case of the product may 
be designated as (0, +) type. Thus it appears that the product of any 
two Demlo-numbers has one of the four types : 

(O, o), (+, +), (+, o), or (o, +) 

It is unnecessary to take products to represent these different types for 
illustration. An example of (+, +) type only is given below. 

(9) 15 (3)s 18x13 (5)» 42=i38xi22X(r)TX(i)ii 

= (10“-I)x(l0’-I) =207g-9x(l0’*-I0«-10’ + l) 

= 207.851 X (lO>*-»IO*^ — lo’ + l) 

Thus + 207)851851851815185 

— 2078517 

— I 207 

+ 

While subtracting (ii) from (i), one has to be carried over and the 
integer is + type. The third line integer is to be subtracted from 6666 
. . . .and here again one has to be carried over and the integer of tlie 
third line is also of + type. Thus the case taken represents the product 

(+. +) type. 

(10) From the Examples and Theorems given up to now it will be 
seen that the product of any two Demlo-numbers has the following 
main factors. 

The integer Q in ^ and remainder R with the recurring period of 
must be found. While subtracting line (iii) from (v) another period 
appears as a consequence of Theorem II, where R and R' and con- 
sequently their periods must have some relation between them. More- 
over we have to consider the TOsitions of the integers in different lines 
and the type to which the product belongs. It is also necessary to add 

one at the end in cancellation of the quantity .999 Finding these 

various quantities and thus getting a formula for the product of any 
two Demlo-numbers will form material of the next discussion. 

(I have tq thank the University of Bombay for the research grant 
given to me for conducting these researches, — ^D. R. Kaprekar.) 

College of Engineering, Poona 
Khare’s Wada, Deolali 


1851.851 
5185.185 
8518.518 

207.851 


I! 

(iv) 


7283] 

5061 

4775 


[950.6x7283 (X) 

728.39506X .(ii) 


o6x. 728395 
U77.506X72 


■M 



THE VALUE OF « APPEARING IN THE 
LAGRANGE'S FORM OF THE REMAINDER 

G. K. Hbbalkar 

T he following question was asked in the B, A. (Hons.) essay paper 
of 1939 “ . . . Ifence obtain Taylor development for a function with 

Lagrange’s form of the remainder Rn = (^+ 6 A). If the 

6 appearing in R« above be considered a function of A, show that — 



n+l 

if f {x) is continuous in (a, a+h) and / (^j) ^ 0.” 


Principal Mahajani of Fergusson College also has worked out the above 
problem in the 3rd edition of his book “Lessons in Elementary Analysis.’ ’ 

n4 2 

He too assumes the continuity of f {x) to establish the result. Is it really 
needed?* 

As reg^ds result (i) I have nothing new to say. So I agree that 0 

I . **■’■2 

as “ a fi^st approximation. If now / (a) exists, we can write : — 

/(.+A)=/W + ^/.(a)+...g^ 

where p — >-o as h — o. 

♦ Referring to the latest edition of Hardy the reader will find that result (♦) is usually 
proved under the assumption of Continuity of /«+! {x), [Hardy pp. 288,289] and 
result (li) is stated under the assumption of Continuity of /n+2 { x ), [Hardy p. 332j. 
In both Cases Continuity is not ne^ed. Prinoipal Mahajani himself has pointed out 
in his book (page 143) how the oondition can be sharpened by the use of young’s 
theorem With reference to the result (i).-— Ed. 


/w+fwLw+pJ 


e(b) 
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[For this form of Young’s Theorem readers should refer to Hardy’s 
Pure Ma^matics, art. 151]. 

Comparing the above result with — 

/(a+A)=/ (a) +^/i(a) + ...+ (0+64), we get 

D 


(0+64)= («) + (ij + ,-^1 


[/W+p] 

Applying Young’s form to L. H. this gives on simplification : — 

»• n-*-! (\2ji2 ( »»+2 'I ** A 

/ (o) + 64/ (o)+ ^ { /(o) + < I =/ ( 0 ) + ^f{a) 

A* P '*'*•2 T 

+ (n+i) (n+2) / (®) +P J 

where < >-0, as A o, which further simplifies into — 

1/ KV. j={-f p] 

Now let 0=s +6' be a better approximation. Then 0 ' is small and 

its squares may be neglected. Also •( , P >-0 as h and . * . 

are infinitesimals. Neglect then the terms in A •( , Ap and A 0 ' in compa- 
rison to terms in A. The above result then gives : — 

A# f »+ 1 ^ f M A f 

0 •' {a) ““ o ““ /bi-L-tV W 


6'= r . - *£1^1 

L (n+i) (»+2) a(«+i)*J • 


«A ria] 

a(n4 i)* («+3)/"ffl) 

giving the desired result. I have not used the continuity of at all. 


Waoia College, 
Poona. 



STUDIES IN EDUCATIONAL STATISTICS: V 

Matriculatioii Examination 1941— University of Bombay 

By 

R. P. Shintre 

(Use of research grant from the Bombay University was made in 
collecting and tabulating the data). 

I N the Studies in Educational Statistics : 0 , published in the Journal 
of the University of Bombay of March 1942, reference was made to the 
^tributbn of Matriculation totals for 1941, indicating various ways 
in which they may be studied. 

The Matriculation Examination is held once every year by the Bombay 
University as its entrance examination. The heads of passing at present 
are : i. English, 100 marks, one paper. 2. A second language* 
and a vernacularf , 200 marks, two papers. 3. History and Geography 
100 marks, one paper. 4. Mathematics, 200 marks, two papers. And 
5. Science^;, 100 marks, one paper. Total 700 marks. 

The examination is held simultaneously at centres fixed by the 
University, the same papers being set. In 1941 it was held at the follow- 
ing centres : i Bombay, 2 Dadar, 3 Nasik, 4 Poona, 5 Kolhapur, 6 
Sholapur, 7 Sangli, 8 Dhulia, 9 Dharwar, 10 Belgaum, ii Bijapur, i2 
Ahmedabad, 13 Baroda, 14 Surat, 15 Anand, 16 Rajkot, 17 Bhav- 
nagar, 18 Karachi, 19 Hyderabad and 20 Shikarpur. Centres i to 3 
lie in the Konkan group, 4 to 8 in the Deccan group, 9 to 1 1 m the Kar- 
natak group, 12 to 17 in the Gujarat group and 18 to 20 in the Sind 
.group.** A candidate may appear at any centre for the examination, 

* One of: Sanskrit, Pali,Ardhamagadlii,Avesta*FabIkvi, Arabic, Persian, Latin, Greek, 
Hebrew, Frenob, German, Portuguese, Spanish and Italian, 
t One of : Marathi, Gujarati, Kannada, Tamil, Telugu, Bengali, Sindhi, Urdu, Hindi, 
and Eni^ish. 

t One of : General Science, Physics and Chemistry, Botany and Zoology, Domestio 
Sekpoe Oi^Physiology— Hygiene. 

** Atfhol^ I jtf o d is politically separate, its sohools and oollegeB are still affiliated to 
the Bommij University. 
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but in most cases pupils in a school appear at the nearest centre. In 
1941^ 573 schools sent 26^883 pupils for the examination out of whom 
13,511, 50.3 per cent, passed. 

To pass the examination a candidate has to score at least 35 per cent, 
of the maximum marks in every head. If a candidate fails to pass the 
examination he is allowed, at his option, exemption from appearing again 
in those subject-heads in which he has scored at least 50% of the maxi- 
mum marks. Candidates have the option of answering all papers ex- 
cept the paper in English either in English or in any of the vernaculars. 
This option was given from 1937 before which it was allowed only for the 
second language paper, * The table below shows how the candidates 
are exercising the option. 

Table Showing Percentages of Candidates Answering the Papers in English 
and One of the Vernaculars 


Percentage of Candidates Answering 



1937 

1938 

1939 

1940 

1941 


Eng. 

Ver. 

Eng. 

Ver. 

Eng, 

Vor. 

Eng. 

Ver. 

Eng. 

Ver. 

2nd Language 

23.71 

76.29 

21.10 

78.90 

16.65 

83.45 

12.64 

87.30 

12.86 

87.14 

History 

31.46 

68.64 


71.94 

22.80 

77.20 

19.24 

80.76 

17.18 

82.82 

Geography 

31.46 

■ 


69.81 

26.67 

73.33 


in 

19.68 

80.42 

Science 


11.90 


16.60 

68.78 

31.22 

62.42 

■ 

64.37 

45.63 

Mathematics 

99.89 

0.11 

99.85 

0.15 

99.51 

■p 

H 

99.16 

().84j 

99.18 

0.82 


This clearly shows how an increasing number is taking advantage of 
the option of answeiing in the vernaculars in all the subjects. The 
smaller numbers in Science and in Mathematics appear to be due partly 
to the lethargy of our teachers in adapting words and expressions in 
the vernaculais for technical terms in these subjects. 

The passing of the examination qualifies the candidates for admission 
to any of the colleges affiliated to the Bombay University, But in col- 
leges where admissions are limited selection is made by the total marks 
obtained in the examination by the candidates. Although the number 
of candidates passing the examination is increasing, the number entering 
the colleges not only does not increase in the same proportion but is 
relatively falling as will be seen from the table given below. 
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Table Showing the Number Passing the Matriculation in Any Teat and 
that Appearing for the First Tear Examination in Colleges the Next 
Tear and the Percentage of the Latter to the Former. 


Year 

^Ifotrio 

(i) 

No. appearing 
p. y. 

(ii) 

Percentage of 
(ii)to(i) 

1016 




2330 

2606 

116.22 

1017 




1874 

2300 

122.73 

1018 




2034 

2728 

02.08 

1010 





2608 

105.18 





2052 

2268 

76.83 

1021 




2802 

2550 

01.01 

1022 




3616 

3106 

88.38 

1023 




4322 

3636 

84.13 

1024 




4362 

3782 

86.70 

1026 




3012 

3604 

92.12 

1026 




3403 

3208 

94.27 

1027 




' 4121 

3300 

80.20 

1028 




4165 

3341 

80.21 

1020 




6780 

4501 

66.38 

1030 




4301 

3370 

76.05 

1931 




7074 

6201 

65.22 

1032 




5806 

4588 

79.02 

1033 




7639 

6065 

66.30 

1034 




8747 

6674 

64.87 

1035 




7014 

4053 

70.61 

1036 




6726 

4676 

60.53 

1037 




8330* 

4474 

63.71 

1038 




10040 

6707 

66.84 

1030 




13332 

7192 

63.94 

1040 




11802 

7110 

69.86 


Besides qualifying for admission to the University courses it aUo 
qualifies candidates for services of a lower grade except the menial 
grade. But whether those who do not enter the colleges are all absorbed 
in the services or how many of them take to other lines cannot be as- 
certained. 

It is universally acknowledged that if the abilities of candidates^ are 
to be judged by this examination, it must be done by total marks obtained 
by them in the examination. In what follows, therefore, only the 
total marks obtained by the candidates who appeared in 1941 for the 
whole examination without taking advantage of the right of ex- 

emption earned in any subject) whether they passed or failed. Among 
those who failed there may be some who only submtted blank answer- 
books or who appeared only for some papers and did not appear for the 
remaining for one reason or another. 

The following histograms will indicate the distribution of these totals. 
Fig, 1 is the layered histogram of the totals of all candidates, the number 
of candidates appearing at centres of the different groups being indicated 
by the layers. 


This iiiolud6s2,983 passed in the supplementary exaroinationheld inNoyember]936. 
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Marks 
Fig. I 

Figures 2 and 3 are similar histograms of the totals of candidates who 
failed and passed respectively. 



Marks 
Fig. a 


Candidates 
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Marks 
Fig. 3 

The following table shows the ranking, by means, of the different exa- 
mination centres and also of the groups of these centres according to 
University classification. 


Ranking of Matriculation Centres 


Mmui 

Sind 

Deooan 

Konkan 

Gujarat 

marks 

307.6 1 

! 

300.3 

296.1 

1 

289.1 

311.0 

309.0 
308.5 

1 

Hyderabad i 
&araohi 

Sangli 

i 



304.3 

302.2 

Shikaipur 

Poona 


BhaTxiagar 

302.2 



301.6 



Surat 

301.2 

297.8 


Sholapiir 

Nasik 
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Ranking of Matriculation Centres— (contd.) 


Mean 

Bind 

Deooan 

Konkan 

Gujarat 

Kamatak 

marks 

307.8 

800.3 

296.1 

289.1 

287.1 

297.5 

297.5 

295.0 

1 

Dhnlia 

Bombay 

Rajkot ' 


293.6 

289.6 
265.8 
285.2 
284.4 



Dadar 

Baroda 

Bharwar 

Belganm 

Bijapur 

283.3 




Abmedabad 


282.9 

268.2 


Kolhapur 


Anand 



Total mean 294.8 marks. 


The following table of the analysis of variance of the centres will serve 
as a quick test of the difference between them. 


Analysis of Variance 



D.F. 

S.S. 

M.S. 

F. 

Centres 

19 

5090.0563 

267.8977 

16. 6l*** 

Groups 

4 

2438.0588 

609.6147 

37. 67*** 

Centres within groups 

15 

2661.9975 

176.7998 

10, 90*** 

Residual 

24126 

391385.6763 

16.2232 

8.d. 1=4.03 

Total 

24144 

396475.6326 




It may be noted that the difference between groups is significantly 
greater than the difference between centres within a group, the ratio of 
their mean squares being 3.45 which is significant at 5% level for 4 by 
15 degrees of freedom. Tbe ranking of groups in the foregoing table, 
therefore, has a real meaning in spite of a spread of the centres. 

The foregoing analysis is on the assu^tion that the distribution of 
marks furnishes a normal population. The table of ifie principal fire* 
quency constants, given below, will be a help to test normality. 
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Table of the Principal Frequemy Constants 


Centre 

or 

Group 

No. 

Miean 

marks 

Std. 

error 

91 

B.d. 

otgy 

92 

B.d. 

of 0-2 

Hyderabad 

607 

808.98 

( 

78.16 

-.2942** 

.099 

.0365 

.198 

Karaohi 

1606 

308.47 

81.00 

-.1619* 

.063 

.1491 

.126 

Sbikarpur 

387 

^2.23 

83.31 

-.1635 

.124 

.0194 

.247 

SiKD . . 

3600 

307,63 

80.71 

-.1869*** 

.049 

.1011 

.098 

Sangli . . 

379 

311.03 

69.60 

+ .3044* 

.125 

.4698(*) 

.25 

Poona 

2649 

304.28 

79.65 

-.1830*** 

.048 

.3113** 

.097 

Sholapur 

436 

301.17 

80.69 

-.1723 

.117 

-.0066 

.233 

Dhulia 

636 

297.48 

74.78 

+ .2162* 

.097 

.1470 

.193 

Kolhapur 

746 

282.93 

84.55 

-.2434** 

.089 

.0192 

.178 

Dsooak 

4/44 

300.2Y 

79.67 

-.1409*** 

.036 

.2627*** 

.071 

Nasik 

566 

297.77 

79.64 

-.2088* 

.103 

.1998 

.207 

Bombay 

3499 

297.47 

85.34 

-.1802*** 

[ 

.041 

.I960* 

.083 

Dadar 

2297 

293.63 

79.69 

-.1313** 

.050 

.3406*** 

.102 

Kokkan 

6362 

296.10 

82.82 

-.1631*** 

* .031 

.2496*** 

.061 

Bhavnagar 

686 

302.25 

70.07 

-.0426 

.093 

.6261** 

.186 

Surat 

1553 

301.57 

73,80 

-.0410 

.062 

.1322 

.124 

Rajkot 

760 

295.03 

72.38 

-.0139 

.089 

.0637 

.177 

Baroda 

2552 

284.44 

77.75 

-.1072* 

.048 

.4046*** 

.097 

Ahmedabad . . 

2077 

283.35 

84.87 

-.0459 

.054 

-.0265 

.107 

Anand 

433 

268.24 

88.54 

-.0282 

.117 

-.1326 

.234 

Gujarat 

mi 

289.10 

78.98 

-.1010*** 

.027 

.2134*** 

.064 

Dharwar 

1035 

289.57 

88.37 

+ .0380 

.076 

.2928(*) 

.152 

Belgaum 

979 

286.27 

76.62 

-.0376 

.078 

.0071 

.156 

Bijapur 

474 

285.23 

87.24 

+ .0801 

.112 

-.0913 

.224 

Karhatak 

2m 

287.06 

83.71 

•\-.0319 

.049 

.17791*) 

.098 

U»IV«RSITY . 

B4146 

294.84 

81.04^ 

1 

-.1180*** 

< .016 

.2046**»" 

.081 


It may be noted tlmt among the centres, Sangli has the greatest 
mean wim the -least variance, while .Anand has the least mean with the 
l^reatest variance. High mean indicates efficiency and low variance 
infficates consistency : and both are desirable from the educational 
point of view. Sangli, therefore, leads the centres and Anand brings 
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up the rear. It will also be seen from this table that the University as 
a whole is slightly but very highly significandy anormal, both in sym*' 
metry and kurtosis. The groups also show this feature but to a slightly 
less marked extent. The anormality of the centres is seen to be still 
further reduced. This, therefore, leads to the conclusion that the cause 
of anormality is the combination of many dWerent groups of students in 
uneven numbers and with greatly varying group>standards of perform- 
ance. 

To trace this down to the last available source the totals of candidates 
appearing at the Sangli centre, one of the small centres but the best, 
were classified by the schools from which they appeared. Ten different 
schools sent more than ten candidates each. The table of frequency 
constants, given below, in respect of these schools and the remaining 
grouped together, shows that the significance of anormality disappears 
in most cases and that the difference in standards is quite marked. 
Although most of the schools individually are close to normality, all of 
them taken together form a significantly anormal group. This proves ' 
tlto contention that there is no great harm in takmg the fundamental 
distribution of marks as normal. 


Table of Frequency Constants : Sangli Centre Schools 


School 

No. 

Mean 

marks 

Std. 

error 

91 

\ 

s.d. 
of 01 

92 

s.d. 

olgi 

C. San. @ 

101 

310.3 

79.02 

.1524 

.24 

.2197 

.47 

Sang. @ 

58 

318.3 

71.62 

.7766* 

.31 

.0761 

.62 

Mir. @ 

38 

294.1 

55.58 

.1360 

.38 

.4282 

.76 

San. @ 

25 

337.4 

61.26 

.0994 

.46 

-.1689 

.90 

P. San. 

23 

318.0 

48.82 

-.0213 

.48 

-.3394 

.93 

P. Jam. 

19 

324.4 

49.35 

.3508 

.52 

-2.4621* 

1.01 

Tas. 

18 

305.0 

61.65 

-.7407 

.53 

.1105 

1.04 

Ichal. 

15 

334.0 

61.53 

1 .3462* 

.58 

4.7799** 

1.12 

Deo. 

12 

289.0 

1 

64.00 

-.1912 

.64 

1.6199 

1.23 

Nimb. 

n 

329.2 

78.77 

.1629 

.66 

-.8961 

1.28 

Best of Schools @ 

59 

294.8 

65.79 1 

.5966 

.31 

1.2983* 

.61 

Sangli Centre @ 

379 

311 .0 

09.60 

.3044* 

.126 

.4698(*) 

.25 


@ In these oases constants are oalonlated by grouping i while in the remaining 
they are calculated without grouping. 

*San.* is a Girls’ school. 


I wish to record my thanks to Prof. D. D. Kosambi for his usual helpful 
guidance in my, work. 

Ferousson College, 

Poona 4 
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Rankinf of High Schools by the Method of Adjusted plot Yields 

By 

N. R. Kulkabni, 

Research Scholar, University of Bombay 

T here is a common tendency to judge a high school on Ae strength 
of the percentages of the results. But a‘ little thinking is sufficient 
to show that this way of judging the schools is not satisfactory. It 
is very easy to score a high percentage by sending selected students for 
the examination. A better criterion by the method of adjusted plot 
yields given by R. A. Fisher in his “Statistical Methods for Research 
Workers” is suggested by Prof. D. D. Kosambi for ranking the educational 
institutions. The colleges in the Bombay University are ranked by 
Prof. R. P. Shintre in his “Studies in Educational Statistics,” Nos. Ill ana 
IV, by applying the pencentage method and this method respectively. 
As the effect of the No. appeared is eliminated from the No. passed by die 
regression formula, in this method, it gives decidedly better results than 
that by percentage method. 

By this method the high schools which are sending their students for 
the Matriculation examination of the Bombay University are ranked on 
the strength of their results in that examination. A special card* is 
prepared for each school and the No. passed and No. appeared for each 
year from 1916 to 1940 are recorded on it. These figures are taken fi:x>m 
the University Calendars. Then the cards are sorted according to the 
standing of the schools. 

Table i 


Stand- 
ing in 
years 

No, of 
Schools 

Stand- 
ing in 
years 

No. of 
Schools 

Stand- 
ing in 
years 

No. of 
Schools 

Stand- 
ing in 
years 

No. of 
Schools 

Stand- 

ingin 

years 

No. of 

1 Schools 

t 

1 

25 

n 

20 

11 

16 

16 

10 

20 

5 

82 

24 

■n 

10 

Wm 

14 

11 

9 

8 

4 

80 

23 


16 

Kl 

13 

13 

8 

26 

3 

45 

22 

■n 

17 

15 

12 

13 

7 

22 

2 

45 

21 

u 

16 

18 

11 

10 

6 

42 

1 

44 


*The University Reeearoh grant to Prof. B. P. 8hintre is vsite use of in printing tlie 
cards, etc., as be was going to work oat this problem ; bat afterwards the problem was 
handed over to me. 
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This table shows the rapid growth of the number of high schools in 
the last 10 years. There were only 144 high schools which are sending 
candidates for the Matriculation examination from 1916 to 1940. 

Only these high schools are taken for the ranking, because their long 
standing for 25 years may be safely relied upon. Amongst these there 
are some schools which have changed their names during this period. 
The identity of their names is corroborated from the University authori- 
ties. If any such high school is not considered that is due to want 
of information only. Though only 144 high schools are taken for investi- 
gation the data of all other high school? from 1916 to 1940 are collected. 

Table 2 


Year 

No. 

passed 

1 No. ap- 
peared 

Year 

No. 

passed 

1 

No. ap- 
])carod 

Year 

No. 

jNissed I 

No. ap- 
peared 

1916 

1708 

3268 

1925 

2441 

4790 

1934 

4003 

7592 

X917 

1412 

3683 

1026 

2145 

4906 

1935 

3199 

7580 

1918 

2116 

3705 

1927 

2513 

.543.3 

1936 

2867 

86S0 

1919 

1768 

3472 

1928 

2353 

r>744 

1037 

1570 

4184 

1920 

2060 

3560 

1929 

.3573 

,»536 

1938 

3031 

6547 

1921 

1086 

4015 

1930 

2451 

6012 

1939 

4954 

7249 

1922 

2446 

4140 

1931 

4048 

6616 

1940 

4337 

7622 

1923 

1924 

2865 

2816 

4461 

4689 

1932 

1933 

2029 

3712 

7144 

7496 

Tot»l .. 

70252 

138084 


This table gives the total No. appeared and No. passed from all these 
schools (144) for different years. This together with table i shows that 
not only new schools were started, but the number in existing schools 
has also increased. In 1937 when the Matriculation examination was 
held twice in a year, the one in April according to new rules is taken 
into consideration. This is the reason why this year shows a sudden fall 
in the number of candidates appeared. In table 9 the totals of No. ap- 
peared and passed from each school in 25 years are given. In all there 
are 3,600 sets of paired numbers — ^No. appeared and No. passed. The 
144 X 25 table is not given here for want of space. By treating the No. 
appeared (x) and passed (y) as preliminary and experimental plot yields 
in ex. 46.1 of Fisher’s “Statistical Methods for Research Workers” the 
sums of squares and products are calculated. The relationship between 
the two variates expressed by regression oty on x, for the sets treated alike, 
after eliminating the differences between schools and years, is determined. 
After the calculation of linear regression the quadratic is tried thinking 
that it may suit better. Table 3 gives the sums of squares and products, 
and the analysis of variance of No. passed after adjustment by the 
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linear and quadratic regressions. The significance of the variances 
due to schools and years is tested by Fisher’s ^-test. It can be seen that 
the differences in schools and in years is significant at .01 percent level. 
Again the M. S. due to years is much larger than that due to schools, 
though the difference is not significant. By applying the exact test ojf 
significance given by R. A. Fisher, which makes proper allowance for the 
sampling errors of the co-efficients in the regression formulae, the reduced 
S.S. is calculated. (See table 4). By this test the M. S. due to schools 
is reduced by nearly half, but still it is significant at .01 percent level. 
There is practically no change in the M. S. due to years. Table 5 gives 
the analysis of residual error. If we compare the two regressions, though 
the error of adjusted No. is reduced slightly by the quadratic, the linear 
fits better because the M. S. due to quadratic is much less than that of 
linear. By testing the significance it is found that the two regressions do 
not differ significantly. It can be seen that the large part in the S. S. 
of unadjusted No. is due to regression. The mean square error per set 
is reduced nearly by half. 

By pooling the schools in different ways the S.S. due to schools is broken 
further. Tables 6-A, B C give the details of the classifications. Table 
7 gives the sums of squares and products and adjusted S.S. by linear and 
quadratic regressions. In table 8- A the M. S. due to groups is compared 
with the M. S. due to schools within groups. It is found that the difference 
is not significant, i.f., there is no real difference in different groups as such, 
but it is due to the schools within the groups. Table 8-B shows that 
there is a significant difference between the kinds and schools within 
the kinds. Similarly table 8-G shows that there is no significant difference 
between classes and schools within classes. 

From the regression formulae the adjusted mean for each school per 
year is calculated and the high schools arc ranked from these adjusted 
means. (See Table 9). It gives the ranking by three w'ays. The 
rankings by the quadratic adjustment and linear adjustment do not 
differ much as is to be expected from the fact that the two regressions do 
not differ significantly. As indicated in the beginning the high schools 
sending more candidates, get much weight and consequently stand higher 
than the smaller schools, though the percentages of the former are com- 
paratively low. St, Xavier’s, Bombay, stands first by both the methods 
and decidedly the best amongst all. Nutan Marathi and New English, 
Poona, get credit for their large numbers. The High School for Indian Girls. 
Poona, is 2nd by percentages but being a smaller one it stands loth, 
The last 6 or 8 high schools are keeping practically the same rank by 
both the methods. Though Tutorial, Ahmcdabad, is sending Tnore can- 
didates, its percentage is so low that it does' not get any higher rank by 
adjusted method. A close observation of this list shows that the rank of 
a school depends both on the number of candidates sent and the per- 
centage of the result. 

I thank Professor D. D. Kosambi, Fergusson College, Poona, for his 
guidance. 



Sums of Squares and Products and Analysis of Variance of No. Passed after Adjustment 
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Table 4 

Rtduetd S. S. by Exact Test 



"By Linear Regression 

By Quadrati 

1 

c Regression 


D.F. 

S. S. 

M. S. 

p. 

D. F. 

S. S. 

M.8. 

P. 

SohoolB 

143 

94980.3 

664.19 

13.68 

•«* 

143 

95488.1 

667.74 

13.73 

••e 

Yean 

24 

61211.} 

2660.46 

52.15 

24 

62016.7 

1 

2584.03 

53.15 

««* 

Residual 

8431 

167810.3 

m 

■1 

3430 

166752.5 

48.62 



Tabus 5 

Analysis of Residual Error 



D. F. 

1 S. S. 

M. 8. 

Linear Regression 

1 

123972.7 

123972.7 

Error of Adjusted No 

3431 

167810.3 

48.91 

Error of Unadjusted No 

3432 

291783 

85.02 

Quadratic Regression 

2 

125030.5 

62515.2 

Error of Adjusted No. 

3430 

166752.5 

48.62 

Error of Unadjusted No 

3432 

291783 

85.02 


Table 6A 


Schools Classified by University Groups 


Groups 

No. of 
Sohoolb 

No. 

Passed 

No. 

Appeared 

Deccan 


18,489 

36.165 

Qujerat 

BS 

24,220 

50,564 

Kamatak 

11 

5,124 

11,061 

Konkan 

41 

16,818 

28,680 

8ind 

10 

5,601 

11,614 

Total 

144 

70,252 

188,084 
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Table 6B 

Schools Classified by Kinds 


Kind 1 

/ J^o. of 
( Schools 

I No. 
Passed 

No. 

Appeared 

Girls 

16 

3006 

4867 

Best 

mi 

07,246 

1.3,3217 

Total 

144 

70,262 

138,084 


Table 6C 

Schools Classified by Management {from D. P. l.'s Report) 


Class 

1 

1 No. of 
Schools 

No. 

Passed 

No. 

Appeared 

Anglo-Vernacular Schools 

Government 

IS 

14325 

27532 

Do. 

Municipal 

■ 

1475 

3442 

Do. 

Aided 

59 

29048 

57788 

Do. 

Not Aided 

3 

603 

9(k) 

Anglo-Indian, European and 
English Teaching Schools 

Aided 

11 

3985 

6275 

Do. 

Not Aided 

1 

76 

151 

Native State High Schools 

4 

•• 

49 

20740 

42906 

t 

Total 

144 

70252 

138084 
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Tabib 9 





By Qoadratio 

By Linear 

By Peroentage 




Re^:^on 

Regn 

)8sion 






Mean 


Mean 




Name and Place 

No. 

No. 

No. Ad- 


No. Ad- 


Total 



P^B- 

Ap. 

Josted 


justed 


Per- 



ed 

pear- 

by Qua- 

Rank 

by 

Rank 

oentage 

Rank 



ed 

dratic 


Linear 






Regres- 


Regres- 







sion 


sion 




1 

2 

3 

4 

5 

6 

7 

8 

9 

St. Xavier's, Bombay. 

1589 

I860 

61.429 

1 

50.274 

2 

86.43 

1 

Nntan Marathi Vidya- 

2813 

6130 

49.337 

2 

61.022 

1 

54.83 

49 

iaya, Poona 








New English, Poona . 

3045 

6837 

46.973 

3 

49.878 

3 

52.17 

61 

Baroda, Baroda 

2168 

3877 

43.469 

4 

43.296 

4 

55.66 

45 

Elphinstono,Bombay, . 

1613 

2614 

42.624 

5 

40.117 

5 

61.71 

26 

Wilson, Bbmbay 

1128 

1478 

38.419 

6 

37.467 

6 

76.32 

7 

T. & T. V. Sarvajanik, 

1269 

2060 

36.589 

7 

34.673 

7 

61.90 

25 

Surat 

Ranohhodlal Chhotalal, 

1179 

2067 

32.1.38 

8 

30.822 

8 

57.04 

41 

Ahmedabad 







N. J. V., Karachi 

1305 

2471 

.31.178 

9 

29.906 

10 

52.81 

57 

High School for Indian 

729 

865 

30.860 

10 

30.692 

9 

86.26 

2 

Girls, Poona 

1 





Ahmednagar Society's, 

1042 

1791 

30.320 

11 

29.412 

11 

58.18 

33 

Ahmcdnagar 

973 






Nasik, Nasik 

1726 

28.606 

12 

27.610 

12 

66.37 

42 

Shri Sayaji, Baroda . . 

876 

1556 

27.072 

13 

26.197 

13 

56.23 

43 

Nawanagar, Jamnagar 

732 

1211 

26.146 

14 

25.659 

14 

60.45 

31 

SirC. J. N. Z. Mad- 

817 

1600 

25.620 

16 

24.702 

17 

64.47 

60 

drebsa, Navsari 







Navalrai Hiranand 
Academy, Hyderabad 

1197 

2562 

25.498 

16 

24.234 

19 

46.72 

94 

Ratnagiri, Ratnagiri .. 

679 

1108 

25.492 

17 

24.962 

16 

61.28 

29 

B. J., Thana 

730 

1263 

26.897 

18 

24.715 

IG 

67.80 

37 

D. E. Society's New 

991 

1998 

25.263 

19 

24.319 

18 

49.60 

77 

English, Satara 






Sangli, Sangli 

792 

1478 

24.945 

20 

24.027 

20 

53.59 

54 

Rajaram, Kolhapur . . 

1054 

234 

24.573 

21 

23.360 

22 

47.18 

91 

Oamd, Dhulia 

740 

1421 

23.677 

22 

22.787 

25 

52.08 

63 

St. Patrick’s, Karachi 

464 

608 

23.569 

23 

23.734 

21 

76.32 

8 

Alfred, Rajkot 

1449 

3332 

23.624 

24 

22.971 

24 

43.49 

111 

Qovemmontf Nadiad . . 

680 

1263 

23.431 

26 

22.717 

26 

53.84 

52 








■TUDtES IN EDUCATIONAL STATISTICS : VI 


47 


Table 9 — (corOd.) 





By Quadratic 

By Linear 

By Percentage 




Regres 

sion 

Regres 

sion 






Mean 


Mean 




Name and Place 

No. 

No. 

No. Ad- 


No. Ad- 


Total 



Pass- 

Ap- 

justed 


ju.sted 


Per- 



ed 

pear- 

by Qua- 

Rank 


Rank 

centage 

Rank 



ed 

dratic 


Linear 






Regres- 


Regres- 







sion 


sion 




1 

2 

3 

4 

5 

6 

7 

8 

9 

King George, Dadar . . 

603 

1036 

23.272 

26 

22.998 

23 

68.26 

32 

Bahadur Khanji, 
Junagadh 

Esplanade, Bombay 

718 

1419 

22.707 

27 

21.937 

30 

60.60 

70 

565 

977 

22.702 

28 

22.333 

29 

57.83 

35 

Aryan Education So- 
ciety’s, Bombay 

747 

1534 

22.381 

29 

21.401 

34 

48.70 

82 

R. 8. Dalai, Broach . . 

714 

1439 

22.361 

30 

21.482 

33 

49.62 

76 

Dravid, Vai 

449 

656 

22.340 

31 

22.426 

28 

68.45 

16 

Private, Rajnpur 

425 

585 

22.327 

32 

22.613 

27 

72.65 

11 

Alfred, Bhavnagar 

056 

2118 

22.31.9 

33 

21.160 

40 

45.14 

102 

Sardar’s, Belgaum 

748 

1544 

22.308 

34 

21.293 

35 

48.45 

84 

Bai Avabai, Bulsar . . 

647 

1247 

22.258 

35 

21.632 

31 

61.88 

65 

Chubildas Lulloobhoy j 

724 

1460 

22.186 

36 

21.572 

32 

49.59 

78 

Boys', Dadar 
Dharwar, Dharwar . . | 

835 

1803 

22.036 

37 

20.955 

42 

46.31 

96 

Goverdhandas, Jalgaon 

712 

1463 

21.946 

38 

1 

21.048 

41 

48.67 

83 

Anant Shivaji Desai, 

577 

1086 

21.624 

39 

21.206 

38 

53.13 

56 

Malwan 









Gokuldas Tej'pal, 
Bombay 

Parshurambbau, Jam- 

521 

937 

21.371 1 

40 

21.163 

39 

56.60 

46 

453 

748 

21.295 

41 

21.230 

37 

60.56 

30 

khind 

Satara, Satara 

647 

1344 

20.929 

42 

20.202 

45 

48.14 

86 

Karwar, Karwar 

653 

1364 

20.198 

43 

20.147 

40 

47.87 

89 

St. Vincent’s, Poona . . 

350 

466 

20.903 

44 

21.268 

36 

76.11 

9 

St. Paul’s, Belgaum . . 

304 

398 

19.938 

45 

20.430 

43 

76.38 

6 

Baba Panalal P. sTain, 
Bombay 

Sir Jasu'atsinhji, 

287 

354 

19.82 

46 

^20.399 

44 

81.07 

3 

302 

679 

19.763 

47 

1 19.807 

49 

57,73 

38 

Limbdi 

Shikarpur, Shikarpur 

539 

1132 

19.536 

48 

19.008 

53 

47.61 

90 

Telang, Qodhxa 

480 

814 

19.600 

49 

19.337 

51 

52.83 

56 

Sagramji, Qondai 

314 

466 

19.438 

50 

19.828 

48 

67 .B8 

17 
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Table 9 — (contd.) 





By Quadratic 
Begression 

By linear 

By Percentage 




Regression 



Name and Place 



Mean 


Mean 




No. 

No. 

No. Ad- 


No. Ad- 


Total 



Pass- 

Ap- 

justed 


justed 


Per- 



ed 

pear- 

b> Qua- 

Rank 

bv 

Rank 

centage 

Rank 



ed 

dratic 


Linear 






Regres- 


Regres* 







sion 


sion 




1 

2 

3 

4 

5 

6 

7 

-8 

9 

Sind Madressah-tul- 

582 

1266 

19.393 

51 

18.752 

54 

46.97 

98 

Islam, Karachi 







St. Mary’s, Bombay . . 

205 

413 

19.387 

52 

19.849 

47 

71.43 

12 

St. Colamba, Bombay 

.339 

550 

19.290 

53 

19.589 

50 

61.64 

27 

Victoria Jubilee, 

1 501 

1042 

19.165 

54 

18.666 

55 

1 

48.08 

87 

Pandharpur 








Patan, Patan 

591 

1319 

19.066 

55 

18. .331 

60 

44.81 

103 

Amreli, Amreh 

457 

936 

18.928 

56 

18.618 

56 

48.82 

81 

M. E. Society’s, Poona 

902 

1 

2195 

18.804 

57 

17.855 

65 

41.09 

123 

Northoote, Sholapur . . 

561 

1258 

18.701 

j 5h 

18.030 ; 

63 

44.59 

104 

Antonio Da Silva, 

388 

446 

18.666 

1 59 

19.082 

52 

64.67 

19 

Dadar 






Municipal, Sukkur 

640 

1526 

18.116 

i 

60 

17.239 

78 

41.94 

118 

Tam bay, Cambay 

353 

688 

18.060 

1 10 

181.14 

62 

51.. 31 

07 

St. Andrew’s, Bandra 

265 

422 

18.052 

62 

18 516 

57 

62.80 

23 

Beynon Smith, 

Belgaum 

712 

1723 

17.967 

63 

17.214 

79 

41.32 

120 

SardarDastur Hoshang 

252 

394 

17.917 

64 

18.409 

58 

63.96 

21 

Boys’, Poona 








Sir Ajitsinhaji, 
Dhrangadhra 

Alfred, Bhuj 

342 

679 

17.759 

65 

17.807 

67 

60.37 

72 

3.39 

673 

17.705 

66 

17.776 

69 

50.37 

71 

Ookuibhai D, Visnagar 

325 

639 

17.596 

67 

17.717 

71 

50.86 

68 

Alexander Girls* Eng. 

195 

244 

17.608 

68 

18.341 

69 

79.92 

4 

Institution, Bombay 
Sir J. J. Parsi Bene- 

222 1 

330 

17.649 

69 

61 

18 

18.153 

67.27 

volent Inst., Bombay 
St. Joseph’s Convent, 

1 

205 1 

293 

17.336 

70 

18.019 

64 

69.97 

13 

Bandra 





Palanpur, Palanpur 

361 

769 

17.285 

71 

17.240 

77 

46.94 

92 

Bijapur, Bijapur 

587 

1438 

17.276 

72 

16.416 

94 

40.82 

126 

Oibb., Kunta 

It 

275 

521 

17.176 

73 

17.467 

74 

52.78 

68 

Bhavsinhji, Porbander 

270 

512 

17.009 

74 

17.389 

76 

52.73 

69 

S. S., Aundh 

236 

412 

17.038 

75 

17.504 

72 

57.28 

40 
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Table 9 — [contd.) 





By Quadratic 
Regression 

By Linear 

By Percentage 




Regres 

ision 






Mean 


Miean 




Name and Place 

No. 

No. 

No. Ad- 


No. Ad- 


Total 



Pass- 

Ap- 

justed 


justed by 


Per- 



ed 

pear- 

by Qua- 
dra,tio 

Rank 

Linear 

Rank 

centage 

Rank 



ed 


Regies- 






Regres- 


sion 







lion 






1 

2 

3 

4 

5 

6 

7 

8 

9 

Bheth Gokuldas Tejpal, 

X74 

222 


76 

17.825 

66 

78.38 

5 

Cutoli-Mandvi 
Ohanda Ramaji Hindu 

180 

241 


77 

17.785 

68 

74.69 

10 

Girls Bombay 
Jubilee Institution, 

362 

762 


78 

16.983 

83 

46.19 

97 

Umretb 









Banatan Dharma, 
Bhavnagar 

Alfred Gidney, Dapoli 

409 

1202 


79 

16.374 

96 

41.51 

119 

229 

396 

16.966 



73 

57.83 

36 

Xaranbhai Kesha vial , 

558 

1381 

10.941 

81 


101 

40.41 

130 

Petland 

Vakhtuba Charitable, 

244 

443 


82 

17.367 

76 

55.08 

47 

Morvi 

Miraj, Miraj 

273 

543 


83 

17.052 

81 

50.28 

74 

Seth M. & K. Tata, 

224 

401 

16.698 

84 

17.186 

80 

55.86 

44 

Bilimoria 

Daji Raj, Wadhwan . . 

351 

800 

16.524 

85 

16.383 

95 

43.88 

107 

Shikarpur Academy, . . 

351 

803 


86 

16.339 

97 

43.71 

109 

Shikarpur 

Sir Siddi Ahmedkhan, 

256 

519 


87 

16.726 

87 

! 49.33 

79 

Murud-Janjira 
Wankaner, Wankaner 

l9o 

336 

16. .385 

88 

16.984 

82 

58.04 

34 

School of the Sacred 

214 

396 


89 


85 

54.04 

51 

H. of Josus, Barde% 
Robert Money, Bombay 

345 

794 

16.320 


16.232 

99 

43.45 

112 

New English, Nadiad 

433 

1054 

16.297 

19 

15.918 

104 

41.08 

124 

Maharani, Baroda 

254 

517 

16.295 

92 

16.676 

' 88 

1 

49.22 

80 

Jamshedji N. Petit 

175 

284 

16.265 

93 

16.952 

84 i 

61.62 

28 

Parsi Orphanage, 
Bombay 






1 



Tulsibhai Bakorbhai, 

227 

448 

16.214 

94 

ECXdEl 

89 1 

50.67 

69 

Bhadran 

An juman-i Islam, 

205 

395 


95 

16.513 

92 

51.90 

64 

^mbay 







- 


Parsi, Panohgani 

158 

252 

15,098 

96 

16.743 

86 


24 

St. Joseph’s, Arpora, 
Bardez 

Savantwadi, Savant- 

198 

377 

15.966 

97 


93 

62.52 

60 

280 

630 


98 

15.917 


43.82 

108 

wadi 

Zoroastfian Boarding, 

167 

291 

15.854 

99 

16.528 

91 

57.39 

39 

Deolali 

John Elphinstone* 

274 

618 

15.837 


15.986 


44.34 


Alibag 






, 
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Table g — {contd.) 



n 


By Quadratic 
Kegression 

1 By Jjnear 

By Percentage 


■ 


Begn 

?8sion 






Mean 


Mean 


I 


Name and Plaoe 

No. 

No. 

No. Ad- 


No. Ad- 


Total 



Pass- 

Ap. 

justed 


justed 


Per- 

Bank 


ed 

pear- 

by Qua- 

Bank 

by Li- 

Rank 

centage 



ed 

dratic 


near 


age 





Regres- 


Eegros- 






Bion 


Sion 




1 

2 

3 

4 

5 

6 

7 

8 

9 

Young Ladies* Bombay 

147 

232 

16.814 

101 

16.598 

90 

63.36 

22 

Bhor, Bhor 

201 

400 

16.793 

102 

17.767 

70 

6C.25 

75 

Fort and Propriety, . . 

Bombay 

Private, Pen 

367 

880 

16.695 

103 

16.443 

112 

40.67 

128 

164 

298 

16.633 

104 

16.305 

98 

66.03 

48 

Maharani Chimanabai, 

401 

1019 

15.500 

106 

16.164 

121 

39,36 

132 

Baroda 

Basel Mission, Dharwar 

264 

623 

15.366 

106 

15.513 

111 

42.38 

114 

Sirdar Dastur N. Girls*, 

119 

. 186 

16.298 

107 

16.171 

100 

64.32 

20 

Poona 

A. P. Mission, Vengurla 

180 

376 

15.282 

108 

15.809 

],07 

48.00 

88 

M. K. Natha Bhatia; 
Bombay 

Modhoji, Phaltan 

141 

262 

15.183 

109 

16.916 

106 

63.82 

53 

194 

425 

16.167 

IJO 

15.632 

109 

45.65 

99 

Motibhai Mathurbhai, 
Sojitra 

I P. Mission, Surat . . 

264 

642 

15 141 

111 

15.233 

177 

41.12 

122 

233 

651 

15 092 

112 

16.334 

114 

42.29 

115 

Queen Mary, Bombay 

99 

143 

16.037 

113 

15.989 

102 

69.23 

14 

Union, Surat 

401 

1059 

15.007 

114 

15.664 

132 

37.87 

135 

Harris, Palitana 

168 

395 ' 

14.996 

116 

16.665 

110 

46.80 

93 

Private, Kolhapur 

466 

1227 

14.932 

116 

14.287 

136 

37.16 

136 

Lamington, Hubh 

334 

874 

14.863 

117 

14.612 

131 

38.22 

134 

V. N., Dharmaj 

190 

442 

14.803 

118 

16.221 

118 

42.99 

113 

St. Helena's, Poona 

88 

128 

14.788 

119 

16.771 


68.76 

15 

Kundamal Girls*, 
Hyderabad 

Sir C. J. Read 3 rmoney, 

236 

678 

14.781 

120 

15.056 

123 


125 

137 

284 

14.742 

121 

16.431 

113 

48.24 

85 

Gandevi 

Sir D. M. Petit, 

230 

568 

14.740 

122 

14.967 

125 


120 

Sanganmer 

Church Mission Society,^ 

165 

372 

14.718 

123 

15.253 

lie 

44.35 

185 

Karachi * 

American Mission, 

166 

379 

14.624 

124 

15.150 

122 

43.54 


Ahmednagar 

N. M. Wadia» Nargol . . 

140 

308 

14.646 

126 

16.107 

110 

45.45 

101 
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^ Qnadntio By liiwu 
Be^enion luf^rusion 


Misaii 
No. Ad- 
josted 
Rank by 

Linear 
Regres- 
sion 
5 6 


Edward Memorial, 196 

Kaira 

8hri Mohandavji, 136 

Dharampnr 

American Mission for . . 97 

Girls, Ahmednagar 

L. S., Sidhpur . . 162 

Jivakore Lallnbhai, . 287 

Ahmedabad 

Maratha, Bombay . . 321 

Bai Ruttonbai K T>. Pan- 74 
dy Girls*, Bombay 

Bir jW>b Sassoon 76 

Jewish, Byculla 

Nava Kanya Vidyalaya, 122 
Hyderabad 

I. P. Mission Girlb*, . . 61 

Surat 

Ooronation, Mangrol 74 

Bai Motlabai Wadia 61 
Girls*, Broach 

Cathedral and John 38 
Conon, Bombay . . ; 

Radhanpur, Radhanpur 64 | 

B. P. G. Mission, 41 

Ahmednagar 

Tutorial, Ahmedabad 1135 

Baurashtra, Rajkot . . 164 

Union, Broach . . 207 

CKy, Kolhapur . . 198 


405 I 14.230 
784 
898 
143 14.035 
161 14.012 

296 13.963 
131 13.663 

176 13,626 

146 13.490 
98 13.172 















OPTICAL METHOD OF MEASURING THE 
ANGLE OF CONTACT 

By 

S. J. Khambata and a. B. Sahiar 

T he importance of the angle of contact in problems of surface tension 
prompted the authors to measure the same optically. By forming* 
interference fringes in the film, an exact measurement of the size 
and the shape of the liquid at the edge of contact is obtained. Tur- 
pentine and water are examined by this method and it is found that the 
angle of contact of air — ^turpentine — ^glass is nearly 0.4 degree at 
28®. 6C., whereas the accepted value is 17 degrees (Kaye & Laby — 
Physical Constants) . For water, when the glass is very carefully cleaned, 
the results establisLthe fact that the angle of contact of air — ^water — glass^ 
is zero. 

The method of measurement is 
essentially the same as for inter- 
ference fringes formed by reflected 
light. Visual observations were 
made on many films in order to 
study the behaviour of the fringes,, 
but it was not possible to take the 
readings directly. All the readings 
recorded arefromthephotographs. 

The liquid under observation is 
taken in a glass cell, and an optical 
flat, a black mirror from the inter- 
ferometer, is clamped vertically 
in iu The black mirror is essential 
to obtain bright fringes. It is 
difiicult to observe them with clear 
glass flats on account of the back 
reflection. The liquid is poured 
in the cell carefully, till it stands 
heaped over the edge of the cell 
as shown in Fig. i. 

Fig. I 


BLAC K 
MIRR0R-»| 

XiQum 
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A parallel beam of light from a sodium vapour lamp is reflected from 
a piece of mirror glass, which has a small portion from its centre scratched 
dear, on to the liquid surface. The returning beam of light passes 
through the dear glass and is observed. With lugh or medium power 
objectives it is found convenient to attach the mirror on the objective of 
the Doicroscope. A hole is bored in a piece of cork to slip it on the objec- 
tive. The face of the cork is cut at an angle of 45 degrees, and the tiny 
piece of mirror is fixed on to it with some soft wax. With this arrange- 
ment and a 45 watts sodium vapour lamp the exposures are conveniently 
short. Two or three seconds are sunple on Ilford rapid process Pan- 
chromatic plates. In order to prevent the surface of the film from being 
disturbed, the glass cell is covered with a box, having a hole in the front. 
The space in the box is kept saturated by leaving a large pool of the liquid 
at the bottom. 



I II III IV t 

^ • SCALE 

Ftg. 2 IDIV.=l/10inm. 

Figure 2 shows the appearance of the fringes with turpentine (Merck’s 
rectified). At E the edge of contact, 4 fine white fringes are seen. From 
B to C, 5 to 7 more fringes appear. Once the steady stage is reached, 
which requires about ten to fifteen minutes after pouring the liquid on 
the optical fiat, the fringes at E and between B and C! remain constant. 

Between A and B the suriace exhibits periodic storms. Figures n (i) 
to (iv) show these changes. The general appearance Of the fringes in 
the steady state is very lilte Fig. 2 (iii). Three broad white friiu^appear 
between A and B. No such charts noted at E or between B^d C. 
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Tubpemtinb 

{Mmk's nctyied) 

Temperature of the liquid 98°. 6C. Mean X=5893 X io~* cm. 


Nor of the 
white band 

Ayerage diet, of the hand 
from the edge E in ome. 

Average diet, of the band 
from the edge £ in units of 
wave length 

Top edge E 
(blaoklMnd) 

0 

0 

1 

0.002037 

34.67 

2 

0.004340 

73.66 

3 

0.006422 

109.06 

4 

0.008724 

X48.05 

5 

0.1379 

2340.6 

6 

0.1440 

2444.5 

7 

O.I 0 O 2 

2549.0 

8 

0.1561 

2649.0 

9 

0.1597 

2710.5 

XO 

0.1620 

2749.6 


As the thickness of the film varies from a dark band to the neighbouring 
bright band by X/4 


Tan a= 


0.85 

34-57 


ass 0.4 of a degree. 

Between £ and A, the equation of the curve is approximately 
a+i5isi— 51 .04A* 

From this equatkm, aB:o.37 a dqfBce. 

. * .The of ocmtact of tuifMOtifie is nearly o.| degree. 

A graph is dnwnfim a Iturge scldeihowii^ the dHtgnces of the fringes 
and the thfeliBBSs of the film, hethltodes being in units X. 

’nw ngl^ ti contact irom'^da graph is 0.4 degree: 
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Figure 3 shows the shape of the film. It is not 
drawn to scale. 


A 


It is interesting to note that the tangent will 
make an angle of seventeen degrees with the Y axis 
at some point on the curve below C (Fig. 3). Fine 
fringes can be seen in this region directly with an 
eye-piece. With the magnification used, these 
fringes could not be photographed. This fact 
shows that the previous workers observed the angle 
of contact at some point below C and did not 
observe or take into consideration the fine film 
clinging to the glass plate above the point C. 


Water 

Figure 4 shows the film of water on clean glass. 
The glass flat was kept in dilute chromic acid 
over-night and washed very carefully with several 
changes of distilled water. There are no inter- 
ference bands at the edge of contact as with tur- 
pentine. The first broad band 0.3 mm. wide of 
grey colour shows that the film is uniform in thick- 
ness and the angle of contact is zero. 

If the glass flat is washed with soap and water, 
it is noted that at the edge of contact fine bands 
of the turpentine type appear. In this case the 
edge is not straight and the bands are not parallel, 
and the spacings between the bands at different 
points on the same plate are different. 


(Not TO SCALE) 




Ftg. 3 

St. Xavier’s Coixeoe, 

Bomeay [Recemd: November ao, 1942] 


in 



DIPOLE MOMENT AND MOLECULAR 
STRUCTURE 

Part V— IHpole Moments of Derivatives of Ethylene Qlycol and of 

Glycerides 

Bj> 

S. D. Gk>KHALE, N. L. Phalnikar and S. D. Bhawb 

D ielectric properties of Glycerides have already been reported 
(Bhi^ and Bhide, 'J. UnL Bombay, Vol. VIII, Part 3, p. 220, 1939}* 
In this paper the dipole moments of some Glycerides and the closely 
related Glycol derivatives have been reported. 

Experimental 

Materials : — Monomyristin and Monostearin were prepared by the 
method of Malkin and Shurbagy (J. C. S., 1936, 1628). Ethylene glycol 
monomethyl ether and the corresponding ethyl ether and acetate were 
purchased from Dr. Schuchardt. The rest of the derivatives were pre- 
pared in the laboratory by standard methods. All the substances were 
carefully purified before use. 

The apparatus : — ^Thi; was essentially the same as the one used in previ- 
ous papers of this series. Tlie high tension unit used was, however, of 
a new type. Hiis consisted of a halfVvave rectifier circuit using an in- 
directly heated diode, followed by two stages of choke and capacity 
ripple filter. 
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Cxi Cj are i6 ^iFD Electrolytic condensers — ^450 V. 

C, isaS „ „ „ „ 

Becatw of the indirectly heated rectifier tube, the A. C. line voltage 
fluctuations have little effect on the output of the rectifier, once it Iw 
reached the thermal saturation stage. As an additional precaution, 
at the output of the power supply a 220 V. Neon tube with the base 
resistance removed was used in series with a fixed resistance as a voltage 
stabiliser. The voltage across the Neon tube — about 150 V. — was 
taken as the source of H. T. for the oscillator. It was found that this 
simple arrangemmt enabled a regulation of H. T. supply voltage compar* 
able to that obtained by more elaborate circuits. 

All the measurements were carried out at 30° C., with the exception 
of those of monomyristin and monostearin. The moments of these 8ub> 
stances were deternuned at 50° C. The method of (^culation of mom- 
ents was the same as given m earlier papers. 

Tables I*A and I-B give the physical constants of the substances used. 

Table I-A 


SnbstMioe 

Present 

Work 

B.P. 

Pressure 

mm. 

B.P. 

Presiore 

mm. 

Ethylene glycol monomethyl ether 

125 

710 

124.9 

767 

„ „ monoethyl ether . . 

13t^ 

*9 

134.8 

743 

s, „ « monoacetate 

184-85 


187-9 


ss diacetate 

180-81 

99 

186-7 


Methoxy ethanol acetate 

140 

99 

145 

762 

Ethoxy ethanol acetate 

16 R -68 

99 



Methoxy ethanol myristate 

220 

35 



Diethyl saccinate 

215 

710 

217.7 



ILP. 


M.P. 


Uethoxy ethanol stearate 

28.5-29 




Ethoxy ethanol stearate 

33.5 




Ethylene glycol dimyristate .. 

63 




Ethylene glycol distearate 

79.5 


79 

(76) 

Monomyrifitin 

70.5 


10.5* 


Monoatearin 

80.5 


80.6* 



* Mallrfn Mid Shtirbagy (ioc. cU,). 

The homing poinie given in the taet column are taken from the Dictionarf of Organic 
mpoemde by Heiihrim* 
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Tabu I-B 


Sabfitanoe 

DeiuUy 

at30”0. 

Befraotive Index 
alSO^^O. 

Ctbyle&e glycol monomethyl ether 

0.9032 

1.3978 

. M t* monoethyl ether 

0.9204 

1.40321 

ff mono acetate 

1.0967 

1.41633 

», di acetate 

1.0922 

1.41176 

Methoxy ethanol acetate 

0.9914 

1.39604 

Ethbzy ethanol aoet4te 

0.9743 

1.40032 

D.ethyl snocinate 

1.0280 

1.41024 


Tables II and III give the data necessary for the calculation of dipole 
moments. 

The dipole moments have been calculated in Debye units. 

The solvent used was Benzene which had the following properties 
i Density at 30° C. .SSyogm/cc 


i Density 

ii Dielectric constant 

iii Refractive index 


.8670gm/cc 
: — 2.2625 
1.49274 


Table II 



-0.1962 

0.2930 

0.2409 

0.4826 

0,0088 




0.0661 

0.0392 

0.2670 

0.3719 

0.1792 

0.1771 

0.0782 

0.0420 

0.0613 

0.1770 

0.7628 

0.0233 

0.0070 

0.3812 
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Table III 


Subetanoe 

Pi 



Slthylene glyool monomethyl ether 

X18.01 

19.23 

2.20 

„ M monoethyl ether 

124.13 

23.74 

2.22 

„ ,, mono acetate 

134.85 

23.81 

2.34 

,, t, di acetate 

143.02 

33.24 

2.32 

Methoxy ethanol acetate 

120.05 

28.54 

2.13 

Ethoxy ethanol aoetate . . 

J135.36 

33.02 

2.25 

Methoxy ethanol myristate 

174.14 

87.18 

2.08 

Methoxy othanol stearate 

185.98 

103.61 

2.02 

Ethoxy ethanol stearate .. 

201.10 

109.43 

2.13 

Ethylene glycol di myristate 

248.83 

142.55 

2.30 

,, ,, di stearate . . 

282.95 

178.69 

2.26 

Mono stearin 

225.32 

60.66 

3.04 

Mono myristin . . 

210.19 

41.42 

2.99 

Diethyl succinate 

166.57 

40.40 

2.38 


Discussion of Results 

In the earlier stages of the work on dipole moments the measurements 
were interpreted on the basis of individual bond moments and the angle 
between them by the vector addition of the moments ; but recently 
evidence has been forthcoming for hindered rotation even in the case of 
simple compounds like Ethane (Howard, J. Chem. Phys.,5, 451, 1937). 
Hence the results have been discussed below only in a qualitative manner. 
Table IV summarises the effect of substitution of a hydrogen atom in an 
OH group in glycol by an ethyl or a methyl group. 


Table IV 


Substance 


Substance 


Ethylene glycol 

2.30 

Ethylene glycol mono aoetate . . 

2.33 

Methoxy ethanol 

2.20 (2.04) 

Methoxy ethanol aoetate 

2.13 

Ethoxy ethanol 

2.22(2.08) 

Ethoxy ethanol aoetate 

2.26 
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Byers (J. C 2 iem. Phys., 7, 175, 1939) has determined the dipole mom- 
ents of a series of Glycol ^rivatives known by the trade name Oellu- 
solves. The values given in brackets are those found by Byers, 

The values obtained by Byers are somewhat lower than those in the 
present paper. The Gellusolves used were commercial samples and 
Byers has not mentioned their boiling points. Probably they were not 
purified before use and the differences in the values obtained by him and 
those obtained by us may be due to the impurities in the samples Byers 
used. The substances we used were carefully purified by distillation 
and showed steady boiling points. 

The results indicate that the replacement of a Hydrogen atom of the 
OH group by a methyl group lowers the moments. The ethyl group 
has a similar effect, only to a smaller degree. In the case of Ethylene 
glycol acetates the methyl or the ethyl group gives a similar result. The 
reduction in the moment due to the introduction of the ethyl or the 
methyl groups has been ascribed by Byers to the repulsion between the 
mediyl group and the hydrogen of the second hydroxyl group. ^ ^Hie 
reduction of the moment of the acetates is also likely to be due to a similar 


repulsion. 


Table V 


Ester 

Moment 

Ethylene glycol di acetate 

2.320 

„ „ di myristate 

2.297 

,, ,, di stearate 

2.260 


It appears that an increase in the length of the chain in the carboxylic 
acid has little effect on the dipole moment. Previous results on methyl 
esters of fatty acids and diethyl esters of straight chain dicarboxylic aci^ 
show a similar behaviour as can be seen from the following table. 


Table VI 


Ester 

Moment 

Ester 

Moment 

Methyl acetate 

1.78 

Diethyl oxalate 

2.62 

» 

propionate 

1.74 


malonate 

2.57 

»* 

butyrate 

1.77 

f> 

sucoinate 

2.14 (Soln.) 


valerate 

1.68 

99 

snooinate 

2.28-2.82 

(Gas) 

2.42 

ff 

myristate 

1.74 

99 

glutarate 




99 

adipate 

2.42 




99 

Behaoate 

2.60 
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The values of moments given above are taken from the table of mo- 
ments given in Trans. Far. Society^ 1934. 

With the exception of diethyl succinate *e moments appear to be the 
same for one series of esters, as observed in the case of both the series, 
howsoever long the length of the carbon chain of the carboxylic acid be. 
The low value — 2 , 14 — ^for diethyl succinate (Solution method) is attri- 
buted by Smyth and Walls (J. Am. C.S.,55, 5127, 1931) to the carboxylic 
groups in the succinate being close to one another. Evidence other tlmn 
^pole moments has been given by these authors, such as the ease of for- 
mation of anhydride, its viscosity, etc., in favour of this argument. 

In the case of diesters of glycol the structure is similar to that of the 
succinate, in that the distance between the ester groups is the usual dis- 
tance between the two carbon atoms in an aliphatic chain. 

Diethyl succinate Ethylene glycol di acetate 

CH 2 *~~CO--- 0 ----C 2 H 5 CH 2 “ 0 -— CO — CII3 

c!h,— CO— 0 -< 3 aH 5 CHj— O— CO— CHs 

The moments of the diesters are about 2 . 26 to 2 . 32, i.e. nearly of the 
same order as that of diethyl succinate — 2 .28 to 2.32 (gas) and pro- 
bably their structures are similar. 

The value of the moment of diethyl succinate, viz*, 2 . 14 at 25® C., 
given by Smyth and Walls is incorrect. The concentrations they used 
were rather too high — the molfractions ranging from 0.03 to o. 15. The 
values of dielectric constants given in their data were plotted against 
the molfractions and the graph showed a distinct curvature. 

We worked with much more dilute solutions in Benzene the molfrac- 
tions ranging from 0.009 to o 039. The graphs of dielectric constants 
and densities against the corresponding molfractions were observed to 
be straight lines. The value of the moment we obtained by using Hede- 
strand’s method of calculation is 2 . 38. This agrees better with the value 
in the vapour condition. 

It is also interesting to compare the moments of glycerides. 

Table VII 


Compound 

Moment 

Trilfturin 


, , 

• • 

f 


2.59 

Tristearin •• 

• • 

• « 

• • 

• • 

a • 

2.70 

lIononQjTistin •• 

# • 

• • 

• • 

• a 

• * 

2.09 

Monosteaffin •• 

• a 

• • 

• • 

• a 

a • 

8.04 
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It has been shown that the triglycerides have two structures (Clarkson 
and Malkin, J. G. S., 1934, 666) one of them being tuning fork like and 
the other a tuted chain. If the triglyceride has a tuning fork like struc- 
ture and the carbon chains in one plane, the resultant moment of the 
triglyceride should be equal to that of methyl stearate or methyl myris- 
tate (i . 74). The observed moment of tristearin — 2 . 7 (Stoops, J. Phys. 
Chem.,55, 1704, 1931) and trilaurin — 2.59 (Deshapande and Paranj^, 
J. Uni. Bom., Vol. IX, Part 3, p. 24, 1940) are much greater than this 
value and also greater than that of EAylene glycol di-myristate. 
Therefore, in solution, one of the acid chains must be making an angle 
with the other two acid chains. 

It appears surprising at first sight that the moment of tristearin should 
be less than that of tnonostearin. This lower value can be accounted 
for in the following way. The total moment of the triglyceride may be 
supposed to be composed of those of the ester groups and if the dipole 
moments were in the same direction the value of the total moment should 
have been 3 X i .84=4.52. If one of the ester groups pointed in a sense 
opposite to that of the other two ester groups, as has been shown to be 
the case by Malkin, one should expect the value of the moment of the 
triglyceride to be about i .84, while it is actually 2.7. The high value 
for the monoglyceride must be due to the easy rotation of the corres- 
ponding hydroxy groups in the glyceride. 

Table VIII 


Compound 

Moment 

Methoxy othanol acetate 

2.13 

Ethoxy ethanol acetate . . 

2.26 

Methoxy ethanol myristate 

2.08 

Methoxy othanol stearate 

2.02 

Ethoxy ethanol stearate . . 

2.13 

Ethylene glycol di acetate 

2.32 

„ „ di myristate . . 

2.30 

„ „ di stearate . . 

2.26 


It can be seen from table VIII that the differences in the moments of 
acetates and stearates are small and therefore the structures of the com- 
pounds must be analogous. In the case of stearates and myristates, 
rotation round the C— C axis of the glycol should be difficult at 30® and 
since the moment is not much different from that of the acetates, this 
shows that even in the diacetate the rotation is considerably hindered. 

We are thankful to Prof. B. V. Bhide, Head of the Chemistry Depart- 
ment, for the interest he took during the progress of the work. Our 
thanlw are also due to Mr. R. P. Thatte for kinSy designing the H. T. 
unit. 

Maharaja Pratapsinha [Received: November 23^ ^942] 

Chemical Laboratory, 
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STUDIES IN HYDROLYSIS 

By 

B. E. Mirza G. D. Advani 

II— ^fflparison of the Saponification Constants of the Phenyl Esters of Fatty 
Adds with those of the corresponding compietely reduced Compounds namely 
the Cyclohexyl Esters of the same Fatty Adds 

T he object of this investigation has been to determine the saponifi* 
cation constants of the Phenyl and the Cyclohexyl esters of the fatty 
acids and the relation existing between the saponification constants 
of the above saturated and the completely reduced compounds and be* 
tween the esters of one alcohol with the homologous acids. {Vide paper 
by the authors, J. U. B. AT, 5, 7a, 1941). 

Experimental 

The 93 per cent neutral Ethyl Alcohol, which was used as solvent, and 
Alcoholic Potassium Hydroxide were prepared in the same way as des- 
cribed in our previous paper. {Ihid. 72, Nov. 1941). 

Esters : — ^All the Cyclohexyl esters and Phenyl Acetate were supplied 
by “Poulene Freres, France.” They were again purified by distillation 
before use. 

Phenyl Propionate and Phenyl Butyrate were prepared by the authors 
in the Laboratory according to the directions given in Beilstein’s Diction- 
ary and were purified until they had the correct boiling points. 

The procedure adopted in the saponification of the esters and the 
calculation of the velocity constants were done in the same way as des- 
cribed in our previous paper. {Ib:d. 73, Nov. 1941). 

Results and Discussion 

In Table I below are given the saponification constants of all the esters 
saponified by o.iooi Potassium Hydroxide.' 


11 
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Table I 


Name of Sster 

Mean Saponification 

Constant 

Pbenyl Aoetate 

0.000166524 

Phenyl Propionate 

0.0000672333 

Phenyl Butyrate .. 

0.00003266 

pyolohezyl Acetate 

0.00464220 

Qyolohexyl Propionate 

0.00188637 

Cyolohexyl Butyrate 

0.000884064 

Pyclohexyl Iso-Butyrate 

0.000216624 


Values of the constants in duplicate experiments did not differ more 
than 0.3%. 


The velocity of saponification of the Phenyl esters of the fatty acids iSf 
in all cases^ less than that of the corresponding CSyclohexyl esters of the 
same fatty acids. This is as it should be, just as in the case of Cresyl and 
MethyKCyclohexyl esters. [Ihid, 75, Nov. 1941). 


Table II 


Names of Esters 

Saponification 

Constants 

Ratio 

Cyolohexyl Aoetate 

Phenyl Aoetate j 

0.004642 

0.0001656 

20.86 

Cyolohexyl Propionate 

0.001886 

28.05 

Phenyl Propionate 

0.00006723 

CJyolohexyl Butyrate 

Phenyl butyrate 

i 

0.0008841 

0.00003266 

27.16 


The ratio is approximately 28, which is also shown by Graphs I and II. 

Graph I shows that in the case of Cyclohexyl Acetate 60 minutes arc 
required to hydrojyse a given amount of ester. Graph 11 shows that 
in the case of Phenyl Acetate 1660 minutes arc required to hydrolyse the 
same amount of the ester. The ratio of the two times 1660/60 is about 
28. (Sec Graphs). 
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GRA.PN 1 



O So 60 )!• 2«s MIN. 



|MO 1200 J4ftO 1600 )C60 ISO* MIM. 

As pointed out in our previous paper {Ibid. 76, Nov. 1941), ‘the ratio 
between the Para and Meta isomers of Methyl-Cyclohexyl and Cresyl 
esters is nearly 10, while of Ortho esters, it is very low. The ratio be- 
tween the Cyclohexyl and Phenyl esters is nearly a8 as shown by Table II. 
All these show that the same ratio does not exist for all groups of satu- 
rated and their completely reduced derivatives. 

In Table III are given the ratios of the esters of alcohol with homo- 
logous acids. 
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Table III 


Names of Bstera 

Saponification 

Constants 

Ratio 

Phenyl Acetate 

0.000155524 

2.313 

Phenyl Propionate 

0.0000672333 

Phenyl Propionate 

Phenyl Butyrate 

0.0000672333 

0.00003256 

2.065 

Qyolohexyl Acetate 

0.0046422 

2.46 

Cyolohexyl Propionate 

0.00188637 

Qyolohexyl Propionate 

Cyclohexyl Butyrate 

0.00188637 

0.000884064 

2.133 


Acetates (of phenyl or cyclohexyl) are saponified about twice as fast 
as propionates^ and propionates alx>ut twice as fast as butyrates. The 
ratio, however, is not the same in cresyl or methyl cyclohexyl. {Ibid, 76). 


The ratio of Cyclohexyl Butyrate to Cyclohexyl-Iso-Butyrate is 

o " 4‘ 102. This shows that a Normal ester is saponified 

about four times faster than its Iso derivative. We have not been able 
to continue this further, but we expect that in all such cases the ratio 
is always nearly 4. 


Ill— Comparison of the Saponification Constants of the Phenyl Esters of Fatty 
Acids with those of the corresponding Esters in which one Hydrogen Atom 
is replaced by a Methyl Group 

The object of the present investigation is to find whether there is any 
relationship generally existing between the Phenyl esters of fatty acids 
with those of the corresponding Cresyl esters and between the Cyclohexyl 
esters and Methyl-Cyclohexyl esters of the same fatty acids. 

Tables I and II below show the ratio of the saponification constants 
of the Phenyl and Cresyl and Cyclohexyl and Methyl-Cyclohexyl esters. 

Table I 


Names ot Esters 

Saponification 

Constants 

Ratio 

Phenyl Acetate 


• • 

0.0001556 

0.5698 

Ortho-Cresyl Acetate 



0.0002729 

Phenyl Acetate 



0.0001555 

0.5058 

Meta-Cresyl Acetate 



0. 0003075 

Phenyl Acotath 



1 0.0001555 

0.4354 

Pira-Cresyl Acetate 


1 

0.0003571 

1 
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Table I — contd. 


Name of Easte$t 

Saponification 

Constants 

Ratio 

Phenyl Propionate 

0.00006723 

0.6319 

Ortho-Cresyl Propionate 

0.0001264 

Phenyl Propionate 

0.00006723 

0.6892 

Meta-Oresyl Propionate 

0.0001141 

Phenyl Propionate ' 

0.00006723 

0.5400 

Para-Cresyl Propionate 

0.0001245 

Pheny Biit 3 ^ate 

0.00003256 

0.3603 

Ortho-Cresyl Butyrate 

0.00009037 

Phenyl Butyrate 

0.00003266 

0.4777 

Meta-Crosyl Butyrate 

0.00006817 

Phenyl Butyrate 

0.00003266 

0.4203 

Para-Cresyl Butyrate 

0.00007737 


Table II 


Names of Ksters 

Saponification 

Constants 

Ratio 

Cyolohexyl Acetate 

0.004642 

6.199 

Ortho-Methyl Cyclohoxyl Acetate 

0.0008929 

Cyclohcxyl Acetate 

0.004642 

1.467 

Meta-Methyl Cyclohexyl Acetate 

0.003164 

Cyclohexyl Acetate 

0.004642 

1.309 

Para-Methyl Cyclohexyl Acetate 

0.003545 

Cyclohexyl Propionate 

0.001886 

6.063 

Ortho-Methyl Cyclohoxyl Propionate 

0.0003116 

Cyolohexyl Propionate 

0.001886 

1.669 

Meta-Methyl Cyolohexyl Propionate 

0.001130 

CJyclohexyl Propionate 

0.001886 

4.510 

Para-Methyl Cyclohexyl Propionate 

0.0014J49 

Cyclohexyl Butyrate 

0.0008841 

4.766 

Ortho -Methyl Dyolohexyl Butyrate 

0.000] 850 

Cyclohexyl Butyrate 

0.0008841 

1.134 

Para-Methyl Cyolohexyl Butyrate 

0.0007797 


11 (a) 
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The results of the two Tables indicate that the'influence on the rate of 
the velocity of aponification of an ester in which a methyl group has 
replaced a hydrogen atom in the case of Phenyl and Cyclohexyl nuclei 
is not the same. Thus in the following pairs of esters : — 


Phenyl Acetate 

CH CH 

CH^CO.O.C < >CH. 

CH CH 


Ortho Qresyl Acetate 

C.CH3 CH 

CH3CO.O.C < >CH 

CH CH 


Cyclohexyl Acetate 


Ortho^Methyl Cyclohexyl Acetate 


H 

I CH2 CHa 
CHaCO.O.C < >CHa 

CHa CHa 


H 

I CH.CHs CHa 
CH.,CO.O.C< >CH2 

CHa CHa 


it should be expected that since a Methyl group has replaced a hydrogen 
atom both in the Ortho-Cresyl and Ortho-Methyl Cyclohexyl Acetates 
in Phenyl and Cyclohexyl nuclei, the effect on the rate of saponification 
should be of the similar nature. As a matter of fact Ortho-Cresyl Acetate 
(K=o, 0002729), Meta-Cresyl Acetate (K=o. 0003075), and Para-Cresyl 
Acetate (K =0.0003571), are all hydrolysed more quickly than Phenyl 
Acetate (K=o. 0001555), but Ortho-Methyl Cyclohexyl Acetate 
(K=o. 0008929), as well as Meta and Para Methyl Cyclohexyl Acetates, 
are saponified much less rapidly than Cyclohexyl Acetate (K=o . 004642). 
The same is the case with the esters of Propionic and Butyric acids. In 
other words the effects of the substitution of a Methyl group in the Phenyl 
nucleus is to accelerate the reaction, while in the Cyclohexyl nucleus it 
is to retard it. Whether this is due to the acidic nature of Cresyl nucleus 
as compared with the neutral behaviour of Methyl-Cyclohexyl nucleus 
is difficult to say in the present state of knowledge. 


Tables I and II further show that there is no regular relationship with 
the two groups of Methyl substituted esters. The ratio of Phenyl to 
Cresyl esters ranges from 0.36 to 0.59, while that of Cyclohexyl and 
Methyl Cyclohexyl esters ranges from i . i to 6. 


The authors take the opportunity of thanking Dr. J. V. Lakhani for 
valuable suggestions in the course of the above work. 


Chemical Laboratory, 

D. J. Sind College, Karachi. 


[Received : August 75, 



VAPOUR PRESSURES OF HALOGEN ACIDS 

Id l^od'Polar Solvents and in Solutions of Aromatic Ethers in 
Non*Polar Solvents 


By 

S. P. Walvekar, N. L. Phalnikar and B. V. Bhide 

T ee subject of hydrolysis of ethers has been studied considerably during 
recent years. The mechanism of the fission of aromatic ether? with 
halogen acids is generally represented by the following equation : — 

K 

Ph-O-R + HX — »-||Ph-6-Rj'*' X- — )-Ph- 0 -H + RX 

where Ph=aryl radical, R=alkyl radical and X=halogen atom. 

The formation of the oxonium salt — complex — between the ether and 
the halogen acid is assumed to be instantaneous and the decomrasition 
of the complex is the rate determining factor. {Gj. Ghaswalla and 
Donitan, J. C. S., 1341, 1936 ; Bapat and Kolhatlmr, J. Univ. Bom., 
Vol. VII, 157, 1938, etc.).' 

In the preseni’ work attempt was made to obtain evidence for the form- 
ation of the oxonium salt between halo^n acids and aro- 

matic ethers studied by Ghaswalla and Donnan {loc. cit.) . It was thought 
that such complex formation could be determined quantitatively by the 
determination of vapour pressures of a solution of the two reactants, 
since one of the reactants (the halogen acid) is a gas at room temperature. 
The solubility of the halogen acids in benzene, carbon tetrachloride and 
hexane is small at room temperatures and hence the reaction between 
the halogen acid and the solvent must be small. These solvents were 
used and the vapour pressures of hydrogen chloride and hy^ogen 
bromide were measured in the presence of cUfferent substituted anisoles. 


Experimental 

Materials : — 

All the substances were either purchased from Kahlbaum or prepared 
in the laboratory. Tlwse were carefully purified by standard methods 
and used. The following table gives the physical properties of the sub- 
stances. In column 2 of the table the moperties given in Heilbron’s 
Dictionary of carbon compoxmds are listed for comparison. The boiling 
points are for a pressure of 710 mm. 

12 
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Table 


SubBtanoe 

B. P. (Heilbron) 

B. P. (Present Work) 

Aniflole 

p-Ohloro anisolo . . 
p-Bromo aniaolo 
o-Nitro anisole 
p-Miethyl anisole 
^nzeno 

Carbon tetraofiloride 

Hexane 

165‘’C 

215®C 

272®C 

176— 176®C 

80®C 

76.74®C 

68.4r-68.8‘’C 

162—163*0 
196—197*0 
212—214*0 
177—178*0 (30 mm.) 
172—173*0 
78—78.6*0 

74 6—76*0 
67—67.6*0 

p-Nitro anisole melted at 64®C (Heilbron 64°C). 


Apparatus : — 

The apparatiH used for the determination of vapour pressures was an 
improved form of the one used by Saylor (J.A.C.S. jp, 1712, 1937). Fig. i 
gives a sketch of the apparatus. 

Fig. I 
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The bulbs A and B were of about 150 c.c. capacity. They were con- 
nected by the Tube D K £ of about i cm. diameter. This was joined to 
a capillary stopcock at K. This stopcock was connected to a mercury 
reservoir at L. The bend D. K E served the purpose of separating thfe 
two bulbs A and B by raising the mercury reservoir and bringing the mcr*- 
cury level to D E. The volume of the bulb A, from the mark D to the 
stopcock ‘a/ was measured by filling it with water and weighing the water. 

All the measurements were carried out at 25°C in an electrically con- 
trolled airbath. M the temperature of the bath was very near the room 
temperature, opening the bath now and then for adjustments did not 
disturb the thermostatic arrangement appreciably. 

The apparatus was mounted on a wooden stand and could be tilted 
through 90® whenever required. It could be also taken out from the 
stand either for shaking or for cleaning purposes. It was cleaned by 
chromic acid and distilled water, and was dried by a stream of dry air. 

At H a bottle was connected by means of a stopper with two bent tubes, 
one of them was connected with a phosphorus pentoxide drying tube 
and the other connected to a source of the dry halogen acid. About 
25 c.c. of the solvent was introduced into the bottle and the halogen acid 
passed in till the required concentration was reached. 

As soon as the solution was ready the capillary tube was filled with 
mercury up to K by raising the reservoir. Stopcock C was then closed, 
‘a’ was opened and a slight suction was applied at G through a calcium 
chloride tube. The stopcock was opened and the solution was allowed 
to enter the bulb B. ‘b* was closed and the liquid transferred from B 
to A and back several times. It was thus possible to get the equilibrium 
between vapour and solution quickly. O’Brien, Kenny and Zuercher 
(J.A.C.S. 61, 2504, 1939) who used Saylor’s apparatus, state that the 
equilibrium was obtained in 24 hours. In our apparatus this time is 
reduced to less than 20 minutes. Preliminary experiments showed that 
the ethers were not decomposed during this period. After thorough 
shaking, the liquid was divided between the bulbs A and B and allowed 
to stand in the thermostat. After 10 minutes the apparatus was tilted 
through 90° so as to transfer all the solution from A to B. It was allowed 
to rest in this position for some time so as to allow the solution to drain 
into B completely. The apparatus was then brought back to its original 
position, the stopcock C opened and the mercury gradually raised ^1 it 
came to the level D E. Then stopcock ‘a’ was opened, the end G dip- 
ping into a beaker containing water, the vapour in A was gradually dis- 
placed up to ‘a’ by the mercury into the water. The halogen acid thus 
absorbed in water was titrated hy stapdard hlkali. The solution in B 
was likewise transferred to another we%hed bottle containing water. 
The bottle was weighed and the add estimated by standard alkali. All 
the concentrations are expressed as mols. of halogen acid per 1000 gms. 
of solvent. 

The apparatus is not capable of giving results of high accuracy. How- 
ever it was found that the results were reproducible to within i to 2%. 
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The following table gives the vapour pressures of hydrogen chloride 
in benzene. All vapour pressures (p) are given in nm. of mercury and 
concentration (c) in gram mols. per looo gms. of solvent. 

Table 

c 0.01830 0.02273 0.03931 0.05043 0.6052 - 

P 89-5 34-8 61.8 78.5 97.5 

c 0.06754 , 0.08283 0.09768 

p III. 4 134.2 161.5 

Rg. 2 
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These values are plotted in Fig. a together with the values of Wynne- 
Jonc* (J. C, S. 1064, 1930) and O’Brien et al. (J. A. C. S. (?/, 2504, 1939). 
It will be seen that there is good agreement between the values of these 
authors and our values. 

Vapour pressures of hydrogen chloride in benzene in the presence of 
anisofe, p-Methoxy anisole and p-Nitro anisole were determined. The 
results arc given below. 

o.J mol, anisole per 1000 gms, of benzene 

c ‘03755 0.04726 0.06716 0.08112 0.9707 

P . 53‘7 61.4 91.4 113.2 143.4 

c 0.1521 

P 225.3 

0,1 nu>L of p-methoxy anisole per gms. of benzene 

c 0.05446 0.05718 0.08588 0.1163 0.1214 

p 86.4 87.4 131.2 187.7 197. I 

o . I mol. of p^nifro anisole per 1000 gms. of benzene 

c 0.06125 0.09215 0.1035 0.1307 

p 95*3 148.9 174-4 215.9 

A lowering of vapour pressure was observed only in the presence of 
anisole while in the case of the other two ethers the vapour pressuie was 
the same as in the pure solvent. No indication was thus obtained of a 
complex formation between ethers and hydrogen chloride. It was 
thought that this negative result was due to the inte'*action of solvent 
and the halogen acid {vide O’Brien et al., loc. cit.). Further experi- 
ments were tried in solutions of carbon tetrachloride and hexane in the 
presence of ethers and hydrogen chloride or hydrogen bromide. 

The results are summarised below : — 

V. p. of HCl in carbon tetrachloride 

c 0.00828 0.01084 0.01353 0.01894 

P 59-5 69.9 98.56 133-20 

c 0.02278 0.02460 0.02859 

p 154.2 167.9 188.2 

V, p. of HBr in carbon tetrachloride 

c 0.01671 0.0194 0.02944 0.03654 0.04750 

p 57.0 64.2 96.25 121.8 153.2 

c 0.05206 0.0622 

172.2 210.9 


p 
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V. p. HCl in n-hexane 
c 0 01844 0.03494 0,03610 0.03984 0.04306 

p 68.3 98,2 143,6 J53.9 

On plotting these results it was found that Henry’s Law was obeyed 
and there was a positive deviation from Rault’s Law. 

Pig. 3 



The following table pves the vapour pressures of hydrogen chloride in 
carbon tetrachloride with varying concentration of anisole. 



VAPOUa ntMBtmBB of HALOOBN AOCS 


75 


o. / ttutl. amsoUliOoo gm. of solvent 


c 

O.OI34I 

0.01763 

0.01968 0.02463 

0.03133 

p 

80.4. 

no. I 

“ 9-5 145-9 

192,7 



0.18 moL anisolejiooo gms, of solvent 

. 

c 

0.01788 

0.01891 

0.02156 0.02552 

0.02721 

p 

97-3 

108.5 

116.40 139.4 

156-30 



0.5 moL anisolejiooo gms, of solvent 


c 

0.01693 

0.02208 

0.C2381 0.02789 

0.02977 

p 

90-4 

115-7 

125.6 144.7 

149-4 



0.5 moU anisolejiooo gms. of solvent 


c 

0.02595 

0.02913 

0.03031 0.03174 

0.03810 

p 

117. 1 

140.2 

145-5 152-6 

Cl 


The resiilts show (Fig. 3) that there is a lowering of vapour pressure 
due to the presence of anisole in each case. The lowering may be due 
to complex formation between anisole and hydrogen cblcride. Attempt 
was made to calculate the equilibrium constant (K) of such a complex. 

C 

complex 

K 

C X C 

free HCl free anisole 

Similar experiments were carried out with other ethers. The results 
are summarised in the following table. 

Solvent : — Carbon tetrachloride. 


Table 


Ether 

Kfor 

0.1 mol. 
ether 

Kfor 

0.18 mol. 
ether 

Kfor 

0.3 mol. 
ether 

Kfor 

0.5 mol. 
ether 

Anisole 

* * 

1.51 


1.10 

0.93 

p-Chloro anisole 

.. 

0.58 


. 0.55 

0.57 

p-Nitro M 

mm 

1.51 

■■ 

1.38 

1.22 

p-Methoxy ~ *. 

.. 

2.65 

mm 

2.08 


p>Kothyl M 

• « 

2.44 

mm 

1.24 

1.62 

o-Xitro »> 

• • 


■■ 


0.073 

m-Methozy », • • 

• • 



HI 

0.88 
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It will be observed that the values of K vary for different concentra- 
tions of the ether. The values of i/K vary rectilinearly with the con- 
centration and the variation is too large to be due to eaqxjrimental 
errors. To get comparable values of K, values of i/K were extrapolated 
to zero concentration of the ethers. These are riven in the following 
table along with the velocity coefEcients of hydrolysis of ethers obtained 
by Ghaswalla and Donnan {loc, cit.). 

Table 


• Ether 

K 

VdooitT Ooeffioient 

W* 

p-Methoxy anisole 

3.12 

339 

p-Methyl „ 

2.86 

102 

AnUole 

1.72 

71.4 

p-Nitro anisole 

1.56 

6.89 

1 

m-Methoxy 

1.22 

187.0 

o-Nitro M 

0.379 

7.28 


It will be seen that there is no connection whatsoever between the equi- 
librium constants and velocity constants. If the equilibrium constant 
is proportional to the concentration of the oxonium salt such a relation- 
ship should have been observed. 

Similar experiments were carried out with Hydrogen bromide in he- 
xane and carbon tetrachloride solutions. The results were quite analo- 
gous. 

These experiments do not give any quantitative idea of the extent of 
complex formation. Probably complex formation is masked by other 
factors such as solvent effects, etc. 

Maharaja PRATAPsnra 
Chemical Laboratory, 

Sir Parashurambhau College, 

Poona 


[Received: November S3, iffis] 









HEAT POLYMERISATION OF TRIGLYCERIDES 

Part I— Tristeario and Triolein 

N. L. Phalnikar and B. V. Bhide 

I T is a well-known fact that oils on heating give polymerised pro- 
ducts particularly when linolic and linolenic acids form part of the 
constituent acids. The products of such polymerisation are boiled 
oils and stand oils which are of great commercial importance. 

During recent years attempts have been made to study the nature of 
these products by chemical analysis. The work of Kino. K., [Sd. Papers, 
Inst. Phys. Chem. Research (Tokyo), 26, 91, (1935) ; ibid,y30y 244, (1936)], 
Stcger, A., and Loon, J. van, [Rec. trav. chim., 54, 756, (1935); 54^ 428, 
(1935)] ajid Bradley and co-workers [Ind. Eng. Chem., 32^ 802, (1940)] 
appears to be of great importance. They have studied the effect of heat 
on several methyl esters of unsaturated acids and have studied the nature 
of the resulting polymerised products. 

We have studied the thermal jx)lymerisation of a number of vegetable 
oils such as niger seed oil, safflower oil, olive oil, etc., and have analysed 
completely the polymerised products as well as the distillate (unpublished 
work). The products obtained, however, were of such a great complex- 
ity that it was difficult to give a rational interpretation of the mechanism 
of the process. It appeared to us, therefore, that the interpretation of 
the results would be much simplified if pure synthetic glycerides were 
heated to suitable temperatures and the products chemically identified. 

Previous workers have carried out the thermal polymerisation in the 
presence of inert gases to avoid oxidation. In our experiments the 
heat treatment of the glycerides was carried out in vacuum and the 
residue as well as the distillate have been subjected to a thorough chemi- 
cal analysis. The only work which has beenyone on similar lines is the 
work of Simons (J.A.C.S., 48^ 1991, 1926). This author has examined 
the products of decomposition at atmospheric pressure of triacetin and 
tripropionin in the presence of thorium oxide. 

In this communication we have described the thermal decomposition 
of tristearin and triolein. The mechanism of decomposition will be des- 
cribed in a later communication. 


13 
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Experimental 


Tristearin was prepared by the method recommended by Clarkson 
and Mall^. (J.cTs 1934, 666). 

Triolein was prepared by heating U.S.P. oleic acid having the theore* 
tical iodine value with glycerine at I25®C in the presence of p — toluene 
sulphonic acid as a catalyst. The oleic acid was guaranteed free from 
linolic acid. The triolein gave the correct iodine value and saponifi^ 
cation value and had negligible acid value (i). 

The glycerides were heated in an ordinary flask with three bulbs and 
tht distillate and the residue were analysed by the usual methods. During 
heating a considerable amount of acrolein with small quantities of carbon 
dioxide was obtained. 


Tristearin 

(With Mr. Y. V. Duvedi) 

Distillation of tristearin : — 

Tristearin (m.p. 70—71^0) (100 gms.) was distilled under reduced 
pressure (30 mm. ) . The temperature of the liquid never exceeded 4 1 o®G. 
Almost all the tristearin distilled over leaving very little residue (3 gms.). 
During distillation a large amount of acrolein and a small quantity cf 
carbon dioxide were given out. The distillate (87 gms.) was a solid and 
had the following constants : — 

Acid value =103.1 

Saponification value * =218.0 
Iodine value = 4.0 

Analysis of the distillate : — 

The distillate was taken up in a large volume of ether and the acid was 
separated by treatment of the ethereal extract with sodium carbonate 
and was identified as stearic acid by its m.p. 69—70^0, equi. wt. 284.6 
and mixed m.p. 

The ether extract on removal of the acid, gave on evaporating ether, 
a neutral product, which had no iodine value and had a saponification 
value 90 and a mean mol. wt. 677. The acid obtained from the neutral 
product by saponification was identified as stearic acid. Portion of the 
neutral product easily soluble in alcohol was identified by its melting 
point 71—72, saponification value 194 and mean mol. wt. 850 as tristearin. 
The portion sparingly soluble in alcohol had mol. wt. 480 and was identi- 
fied as stearone by mixed m.p. 89 (a pure specimen of stearone was pre- 
pared for this purpose according to the method of Eastcrfield and Taylor 
(J-C.s., S9, 2000, 1911). 

The distillate, therefore, contains 52% stearic acid, 22% ttistearin and 
26% stearone. 
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Triolein 

(With Mr. R. C: Shah) 

Distillatim of trioUin : — 

Triolein was distilled under reduced pressure (30 mm.) in the same 
way as in the case of tristearin. A thermometer, kept in the liquid, 
showed that the temperature was^ between 350—360° during the process. 
If the temperamre is allowed to rise above 360° carbonisation takes place. 
The heating was discontinued as soon as there was a sign of increase of 
temperature above 360° when volatile material stopped coming over. 
From 87 gms.of triolein 40gms.of the distillate and 40gms.oflhe residue 
were obtained. These were analysed separately. 

Analysis of the distillate : — 

The distillate had the following constants : — 

Acid value =I 47*5 

Iodine value = 78,5 

Saponification value =23.0 

It was separated into the free acid and the neutral portion by treat- 
ment with sodium carbonate. 

The acid portion on subjecting to steam distillation gave a steam vola- 
tile acid which had equi. wt, 155, and had no iodine value and hence 
it was identified as pelargonic acid G9 Hig O51 (C9 Hjg O2 requires 
equiv. wt. 158). 

The steam nonvolatile acid had equiv. wt. 287 and Iodine value 88 
apd was therefore identified as oleic acid which was further confirmed 
by its oxidation to dihydroxy stearic acid (m.p. i3i°C). 

The neutral portion from the distillate : — 

This had iodine value 87 and saponification value 140.5. The neutral 
portion on saponification gave an acid which was identified as oleic acid 
oy its equiv. wt. 277, iodine value 90 and oxidation to dihydroxy stearic 
acid (m.p. I3I°G). The unsaponificable neutral portion contained 
mostly hydrocarbons and traces of ketones as it gave a small quantity of 
a semicarbazone without a definite melting point. This portion ab- 
sorbed bromine readily and therefore unsaturated hydrocarbons must 
be present. 

The dbtillate, therefore, consists of pelargonic acid^ oleic acid, un* 
changed triolein, hydrocarbons and traces of ketones. 

Analysis of the residue : — 

The residue (40 gms.) had the following constants : — 

Saponification value == 1 73 . 0 

Iodine value =80.5 
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This was refluxed with 300 c,c. of acetone in three 100 c.c. lots and sepa- 
rated into the acetone soluble portion (A) and acetone insoluble portion 
(B), 

Analysis of the acetone soluble portion {A) : — 

The constants of this fraction are as follows : — 

Acid value =23.5 

Saponification value =207 , 5 

Iodine value , =68.0 

The whole lot was saponified and the liberated acids, which were semi 
solid, were again separated into solid and liquid acids by the lead salt al- 
cohol method. The first fraction of the lead salt was a semi solid. This 
was again subjected to the same process but it could not be* obtained in 
a crystalline form. The acids from this fraction gave the following 
constants : — 

Equi. wt. = 297. 

Mol. wt. = 553. 

Iodine value = 68. 

The acid is evidently polymerised oleic acid. 

After the separation of these lead salts a fraction of crystalline lead salt 
was obtained on cooling to io°G. These solid acids still showed some 
iodine value and therefore were again separated by the same method. 
The liquid acids combined together gave an equi. wt. 280 and iodine 
value 83. This was identified as oleic acid by oxidation to dihydroxy 
stearic acid (m.p. i3i°G). The solid acid from the crystalline lead salts on 
recrystallisation from benzene was found to be sebacic acid (m.p. I33°C). 
(Mixed m.p. with an authentic specimen showed no depression. Equi. 
wt. 102. Gio Hig O4 requires loi). 

Analysis of the acetone insoluble portion (B) : — 

The acetone insoluble part (B) had iodine value 85.6, saponification 
value 175.6 and acid value 1.3. This was saponified by alcoholic 
potash. The soap was extracted with ether. The extract gave a trace 
of a liquid but the quantity being very little it could not be further ana- 
lysed. The soap was dissolved in water and acidified and the acids were 
removed by ether. The aqueous layer was concentrated on the water 
bath and treated with anhydrous sodium sulphate and was extracted 
with acetone. On removal of acetone a viscous liquid was obtained 
which gave acrolein on heating with potassium hydrogen sulphate and 
the colour reaction with phenol and cone, sulphuric acid for glycerine. 
{Cf Allen’s Gommercial Organic Analysis, 5th edition, Vol. IT, p. 654). 
This viscous liquid was, therefore, glycerine. 
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20 gins, of the above acids were converted into the methyl esters. These 
were fractionally distilled at 25 mm. and they had the following con- 
stants : — 


Fraction 

B.P. 

Wt. 

Equi. wt. of 
the corres- 
ponding acid 

I.V. 

Refractive 

Index 

1 

up to 220 

3.6 


nil 

1.4400 

2 

220-240 

3.5 

259.6 

65.8 

1.4492 

3 

240-276 

3.5 

282.0 

71.9 

1.4697 

Residue 

1 

9.5 





jst Fraction : — 

This was hydrolysed and the acids liberated. The product was a solid 
at room temperature but contained a small quantity of a liquid as an 
impurity. It was, therefore, washed with a small quantity of petrol. A 
white solid acid was obtained having an equi. wt. no and m.p. 124— 
I27®C. It was then crystallised from alcohol when it melted at 133 — 134^0 
and had equi. wt. 103 and mol. wt. (Rast’s method) 201. Mixed melting 
point with an authentic specimen of sebacic acid showed no depression. 
(Sebacic acid requires equi. wt. loi and mol. wt. 202 and m.p. 133 — 
I34®C). The petrol washings on evaporation left a small quantity of a 
liquid which was not investigated. 

snd Fraction : — 

The liberated acid from this fraction was a semi-solid and had equi. wt. 
259.5 and I. V. 65.8. Attempts to separate these by fractional crystal- 
lisation were unsuccessful. The acids were, therefore, separated into 
liquid and solid acids by lead salt alcohol mediod. 

The liquid acid had equi. wt. 280 and I. V. 80. This must be, there- 
fore, largely oleic acid which was further confirmed by its oxidation to 
dihydroxy stearic acid (m.p. i3i®C). The solid acids obtained from 
the above separation had equi. wt. 231.3 and mol. wt. 443, 1 . V. 61. It 
could not be obtained in a crystalline form and was gummy. 

3rd Fraction : — 

The acids isolated from this fraction were viscous and brown in colour. 
These were separated by the lead salt alcohol method. The first crop 
of the lead salt was a viscous semi-solid mass. This was separated and 
was found to have equi. wt. 298.4, mol. wt. 539.0 and I. V. 73. 

The mol. wt. is not a simple multiple of the equi. wt. and therefore this 
must be a mixture. The quantity was too small for further separation. 
The liquid acids gave an equi. wt. 282 and I. V. 86.^5. This must be, 
therefore, oleic acid. 

14(a) 
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The Residue : — 

The acids (6 gms.) were liberated and freed fromn eutral portion. It 
was a dark viscous mass and had equi. wt. 358, mol. wt. 634 and I. V. 
76.8. 


Summary 

Synthetic tristearin and triolein have been heated in vacuum and the 
residue and the distillate analysed. In each case a large amount of ac- 
rolein with a small quantity of carbon dioxide was given out. 

Tristearin on distillation gave a negligible residue and a distillate 
which was found to contain stearic acid (58%), unchanged tristearin 
(22%) and stearone with traces of hydrocarbons (26%). 

The distillate from the heat treatment of triolein was found to contain 
pelargonic acid, oleic acid, unchanged triolein and hydrocarbons with 
traces of ketones. 

The residue obtained from the heat treatment of triolein was separated 
into two fractions : (i) Acetone soluble part, (2) acetone insoluble part. 

(1) The acetone soluble part on saponification was found to contain 
sebacic acid, oleic and polymerised acids (mol. wt. 553). 

(2) The acetone insoluble portion on saponification gave glycerine 
sebacic acid, oleic and polymerised acids (probably mixtures). Mol. wrts., 
443 , 5 S 9 > and 634. 

Acids of high mol. wt. and also of low mol. wt. have been obtained from 
triolein. Tristearin, however, gave only stearic acid. 

A mechanism of the decomposition will be described in a later commu- 
nication when the results of heat treatment of triglycerides of diethenoid 
acids like linolic acids will be ready. Work on these lines is in progress. 

Maharaja Pratapsinha 
Chemical Laboratory, 

Sir Parashurambhau College, 

Poona 


[Received : November 23, 1942] 



ACTION OF SULPHURYL CHLORIDE AND 
DIAZOBENZENE CHLORIDE ON SOME 
AROMATIC THIOETHERS 

By 

A. V. Reoe, J. W. Airan, and S. V. Shah 

R ecently thioethers of the general formula R*S>R (where R 
bl t4l [a] [4l bl 

represents COCH3 .OH. CjoHe-; OH. CioH,-; OH. COOH. 

CioHeSandokcoSH. C] 9H3-) have been prepared by Airan and 
Shah (j. Univ. Bom., 1940, g, tit, 1 15). In these thioethers the sulphur 
linkage is stable towards cold alkdi, dilute hydrochloric acid, and boiling 
acetic anhydride. To determine the position of sulphur atom in the 
thioethers, the compounds were broken up by treatment with* nitric acid 
or bromine (Ibid, p. 117) and from the position of the nitrogroup or 
bromine atom, the position of the sulphur atom was settled. 

In the light of these results, it was found interesting to investigate how 
sulphuryl chloride and diazobenzene chloride would react with these 
thioethers. It is already known that sulphuryl chloride acts as a chlorin* 
ating agent when allowed to react with 2-acetyl- k -naphthol ; i :2- 
oxynaphthoic acid ; 2:3-oxynaphthoic acid (Airan and Shah : J.Univ. 
Bom., 1943, 10, V, 133) and with ^-naphthol (Armstrong and Rossiter : 
Chem. News, 59,225). [By the way, the ease with which chlorination is 
brought about with sulphuryl chloride, is indicated by the formation of 
«< -chloronaphthalene and i : 4-dichloronaphthalcne (see experimental 
part of this communication) from naphthalene and sulphuryl chloride 
under the normal conditions available in the laboratory]. 

In the case of diazobenzene chloride, it is \veil known that it couples 
well with naphthols and their derivatives. 

The compounds included in this investigation are : — 

3, 3'-diacetyl-4,4'->diphydroxy'dinaphthyl sulphide, 
2,2'-dihydroxy-dinaph^yl sulplude, 
3,3'-dicarboxy-4,4'-dihydroxy-dinaphthyl sulphide, 
and 2,2'-<lihydroxy'>-3,3'-^carboxy-dinaphthyI sulphide. 

14 
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With siilphuryl chloride, it was found that, except in the case of the 
thioether of s : 3-oxynaphthoic acid, the sulphur linkage was broken. 
The thioethers of 2-acetyl- o< -naphthol and i : (2-oxynaphthoic acid 
gave corresponding chloro-derivatives, whereas the thioether of ^-naph- 
diol gave a plastic mass from which neither the original thioether nor any 
crystalline solid could be isolated. 

Also, as a result of the interaction between the thioethers and diazo- 
benzene chloride, the sulphur linkage was broken in all the cases, the result- 
ing compounds, except that from the thioether of 2-acetyl- < -naphthol, 
bemg the already known usual azo dyes. The dye obtained as a result 
of the breaking down of the thioether of 2-acetyl- «< -naphthol is identical 
with the dye obtained directly from 2-acetyl- •< -naphthol by similar 
treatment. ^ This was proved by nitrogen estimation and mixed melting 

g oint. Evidently, the azo group is in 4-position, which was occupied 
y the sulphur atom in the thioether. (Airan and Shah: J. Univ. Bom., 
i9iO,9yiU, 117). 

The position which the chlorine atom in the chloro-compound of 
2-acetyl- •( -naphthol was assigned, was by analogy with Hantzsch’s 
4-bromo-2-acetyl- «( -naphthol. (Airan and Shah: J. Univ. Bom., 1942, 
JO, V, 132). But it is now confirmed, since, evidently, when sulphuryl 
chloride broke down the thioether of 2-acctyl- << -naphthol, the chlorine 
atom took the place of the sulphur atom, namely the 4-position. 

The results arc very interesting in view of the fact that though the 
coupling reaction takes place in all the cases at low temperature, break- 
ing down the sulphur linkage, the thioether of 2 : 3-oxynaphlhoic acid 
remains unaffected even on being refluxed with sulphuryl chloride for 
three hours. On the whole these reactions have afforded additional 
proof regarding the position of the sulphur atom in the thioethers. 

Experimental 

(The experimental part of this work was carried out by Mr. Rege. 

— S.V.S.) 

I. Reaction with diazoben^ene chloride, 

50 per cent. HCl (40 cc) was added to about 10 cc of freshly distilled 
aniline, and kept in ice. Then a 50 per cent, aqueous solution of sodium 
nitrite was run into it till a drop of the reaction mixture gave an im- 
mediate coloration with starch-iodide paper. This diazo mixture was 
then gradually added withronstant stirring, to a solution of the thioether 
in sodium hydroxide, also kept in ice. By way of precaution, a bit of 
urea was added. The dyes isolated were purified by crystallization from 
acetic acid. 


Thioether 

Dye obtained and ^ 
Melting Point 

Mixed Melting Point 
with the dye obtained 
for comparison 

3, 3'-diaoetyl-4, ^^-dihydroxy* 
dinaphthyl sulphide 

4-ben2seneazo-2 -acety 1- 
o< .naphthol 136T 

130°C 

Prepared for the first time. 
Found - N, 9.34, 
TigHiiOaN^ requires 
9.59 per cent. 
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Thioether 

Day obtained and 
Molting Point 

Mixed Molting Point 
with the dye obtained 
for oomparison 

2 , 2'-dihy(lroxy-dinap]itliyl sul- 
phide 

] -benzeneazo- S-naphthol 
134^0 ^ 

134°C 

(Ber., 16 , 266R) 

3t 3^-dioarbozy-4-, 4'-dihydroxy. 
dinaphthyl sulphide 

4-benzeneazo-l-oxy-2- 
naphthoic acid 

192°C 

ie2-194'’C 
(Ber., 20 , 1276) 

2, 2'-dihydroxy-3, 3'-dicarboxy- 
dinaphthyl sulphide 

l*b6nzene^o-2-hydroxy- 
3-naphthbic acid 

230®C 

230-232°C 
(Ber., 26 , 289) 


2 . Reaction with sulphuryl chloride. 

The thioether (ag.) was taken in 25 cc dry benzene in a round bottom 
flask, and sulphury 1 chloride was added gradually (10 cc) with constant 
shaking, and then the reaction mixture was refluxed on a water bath for 
an hour. The solvent was distilled off and the residue crystallized from 
alcohol. 


Thioether 

Chloro derivative 

Mixed Melting Point with 
the chloro-compound 
prepared for comparison 

3, 3'-diaoetyl-4, 4'-dihydroxy 
dinaphthyl sulphide 

4-chloro-2-^etyl- << - 
naphtho! ** 

116°C 

(J. Univ. Bom., 1942, 

10, V, 132) 

2, 2'-dihydroxy-dinaphthyl sul- 
phide 

Plastic mass from which 
no crystalline product 
could be obtained 


3, 3'-dicarboxy-4, 4' dihydroxy- 
« dinaphthyl sulphide 

4-chloro-l -hydroxy -2- 
naphthoic acid 

229°C 

229^C 

(Ber., 44 , 3061) 

2, 2'-dihydroxy-3, 3'-dioarboxy- 
dinaphthyl sulphide 

No reaction even after re- 
fluxing for three hours 



3. << ^hloronaphthalene. 

Naphthalene (5 g.) was dissolved in ether and after adding 2 cc sul* 
phuryl chloride^ the reaction mixture was kept aside overnight. Next 
day, finding that no solid had fallen out, the mixture was poured in cold 
water and again left overnight. Next day a viscous mass was formed at 
the bottom. This was taken up with ether and left overnight, when a 
white crystalline solid appeared along wth a liquid product. The solid 
and the liquid products, separated after rapid and repeated treatment with 
ether, were found to be in the proportion of 1 to 5 respectively. 

The liquid product contained chlorine and no sulphur. Its boiling 
point was 257 259 bemg the boiling point of the only mono-chloro 
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derivadve of naphthalene, which is << -chloronaphthalene, and which 
was obtained by 'fohl and Eberhard (Ber., 1893, ad, 2945) by treatmg 
naphthalene with sulphuryl chloride in the presence of aiununium 
cUoride. 

Fbund : Cl, 21 .81 ; CX0H7GI requires 21 .85 per cent. 

4. 1 : 4 -dieklorO'‘napktkaIene. 

The solid prt^uct mentioned above Was crystallized from ether. It 
contained chlorine and no sulphur. It melted at 67-68 °C. There is 
no other dichloro-derivative of naphthalene recorded in literature, 
melting at 67*68 °C, except i:4-dichloro>naphthaIene which was pre- 
pared by Armstrong (Chem. News, 66, 189) by treating << -chloronaph- 
thalene with sulphuryl chloride at 100 — 180 ” 0 . (Found: Cl, 35 .97; 
CigHnCla requues ^.04 per cent). 

One of us (S.V.S.) thanks the University of Bombay for a research 
grant in connection with this work. 

Rajaram Colleoe, 

Kolhapur [Received : November tg, 



ORTHO-CRESYL BUTYRATE AND META- 
CRESYL BUTYRATE 

Their Preparation and Properties 

By 

B. E. Mirza and G. D. Aovani 
Preparation 

O RTHO-C 3 RESYL Butyrate and Meta-Cresyl Butyrate were pre- 
pared by the action of the respective Cresols on Butyryl Chloride, 
which was prepared as follows : — 

Pure Butyric acid (66 gms) (boiling between i6o® — i6i*C) was 
placed in a 500 c.c. distilling flask, the side tube of which was connected 
to a water condenser. The receiving flask was also a distilline flask, tne 
side tube of which was connected to a water trough in order that the fumes 
of HGl and PCI3 may be absorbed by water. PCls (34 ■4g) was added 
to the acid drop by drop and the mixture was allowed to stand for about 
4 hours, after which it was distilled, and the Butyryl Chloride boiling 
between loi * — 102 "C was collected. 

(i) Preparation OF Ortho-Cresyl Butyrate 

Ortho-Cresol (70 g) was added drop by drop from a dropping funnel 
to Butyryl Chloride (70 g). The bottle was shaken vigorously and kept 
aside for twenty-four hours for the reaction to proceed. It was then 
fractionally distilled under reduced pressure. 

Ortho-Cre.'’yl Butyrate distilled between 127® — 128® C at 5 mm. 
pressure, and weighed 67 .8 gms, the yield being 58 .04 per cent. 


(a) Preparation of Meta-Cresyl Butyrate 

Meta-Cresol (Poul&ne Fr eres) (70 g) was added drop by drop to Butyryl 
Chloride (70 g) and the process was repeated as in the last case. 

Meta-Cresyl Butyrate distilled between 132® — 133 ®C at 5 mm. 
pressure and weighed 84 . 5 gms, the yield being 72 .61 per cent. 
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Properties 
Parachor 

In this investigation the Surface Tension has been measured by the 
double capillary rise method by Sugden. (Jour. Chem. Soc. 1921), 119, 
1483). A set of two Capillaries of radii 0.1348 and 0.05164 Gins, 
fortned the combination of working. The GapUiaries w^ere tested for 
circularity of cross-section and uniformity of bore in the manner described 
by Harkins. (Jour. Am. Chem. Soc. 1919, 4/, 499)* 

The difference in level of the rise of solution in the two Capillaries of 
diflferent radii was measured by a travelling microscope fitted with a 
silver vernier scale reading directly up to o .01 m.m. (Supplied by F.E. 
Becker & Co., Hatton Wall, London; No. 1641). 

The Surface Tension was calculated by the equation 

r=^ 

2 

where r is the Surface Tension, a* the Capillary Constant, g the accele- 
ration due to gravity and d the density. The Capillary Constant was 
found from the formula 



ri T2 


where r^ and are the radii of the Capillaries and H the difference in 
height. (Sugden, loc, cit.). The determinations were made at different 
temperatures as shown in Table I, to see the correctness of the results. 

The following constants were used in the calculation of the Parachors:- 

C=4.8, H=:i7.i, 0==20.o, 

Carboxyl O2 =60 .o (02 in esters). 

Double bond = 23 .2. 

Six membered ring=6 . i {CJ\ “Parachor and Velency,” 1930, George 
Routledge & Sons, pages 38, 131, 181), 

The results are given in Table I. 

Table I 


Parachor of the Two Esters 


Temp. 

Names of Esters 

! ^ 

r 

P (ObB.) 

P (Cal.) 


Ortho-Cresyl Butyrate 

1.001 

32.7 

426.2 

427.9 

26.8®C. 

tt ^ • • 

1.006 

33.33 

426.6 

427.9 

36®C. 

Meta-Cresyl Butyrate 

0.9982 

32.27 

426.0 

427.0 

23°C. 

ft ft ft • 

1.003 

33.16 

425.6 

427.9 









ORTBO-CRESYL BUTYRATE AMD META-CRESYL BUTYRATE 


The results of the Parachor in Table I prove that the Constitution of 
Ortho-Cresyl Butyrate is 


C.CHs 

CHa CHa CHa CO.O.C < 

GH 

and the Constitution of Meta-Cresyl Butyrate is 


CHa CH, CHa CO.O.C <; 


> CH, 


C-CHa 


'’> CH 


Molecular Weight 

In this investigation the Surface Tension was measured by the Double 
Capillary Rise method as in the previous case. 

The Densities of solutions were measured by using a Specific Gravity 
bottle of loc.c. capacity. 

The Molecular weight was calculated by using the following formula 


M=( 

( 

( 

{ X2/3 


C(ti-ta) 


3/a 

) 

) 

rs ) 

) 

2 , 3 ) 
(da) ) 

) 


where M is the Molecular weight, ri and ra the Surface Tensions and 
dj and da the Densities at two different temperatures, tj and ta 
respectively, and C is a constant. 

The constant C is taken as — 2 . 12, as has been found in many cases. 
The reiults are given in Table II. 


Table II 

Molecular Weight of the Two Esters 


Names of Esters 


Ortho-Cresyl Butyrate 


fff f* 


Meta-Cre^l Butyrate 



33.16 1.003 
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So the Molecular weight of Ortho«Gr^l Butyrate is 187 .7 and Meta-^ 
Gre^l Butyrate is 188 .5 as compared with the value 178 calculated from 
the formula. 


Refracttve Index 

The Refractive Index was found by the self-readi^ Abbe Refracto- 
meter, with water-jacketed prisms. The range of the index of refraction 
measurable by this instrument is from 1 .3000 to i .7000 and the accu- 
racy of the readmg was o .oooi. 

It was necessary to standardise the refractoxneter before use. For t^ 
purpose, a standard glass test-piece is provided, the index of ^fraction 
of which is marked on it (i .5163}. 

Ail the measurements were made with artificial electric light taking 
only one or two drops of the liquids for each determination. The re- 
firactive index was read directly on the scale. The temperature was 
always maintained at 29?C. 

The results are given in Table III. 

Table III 

Refractive Index of the Two Esters 


Names of Esters 

Index of Refraction 

Ortho-Cresyl Butyrate 

1.4900 

Bfeta-Cresyl Butyrate 

1 1.4922 


Viscosity 

The determination of the Viscosity was carried out by the Comparative 
Method. The apparatus employed for the determination was the Ctet- 
wald Modification of Poisouilles apparatus. The tube containing the 
ester was kept in the self-regulated thermostat, which was maintained 
at 35 .o®C. It was so immersed in the thermostat as to have the upper 
mark well beneath the surface of the water. For determining the time of 
outflow, a stop-watch reading directly to o . 30 of a second was used. 

The formula used to determine the Viscosity was as under : — 

n^ S2 T2 


n\ Si Ti 

where n2 is the viscosity of the liquid ; ni the viscosity of water (0.007224 
at35®C: Tii? Landolt«aBorustetiii Hiysikalisch==Chemische Tabellen, 
page 136, Volt I, part t); S2 the density of the liquid; Si the density of 
water (o .99406 at 35 ®C: Fufe Ibid., page 73, Vol. I,parti); T2 the time 
taken by the liquid to flow from the upper mark to the next; and Ti the 
time taken by water to flow between the same two marks. 
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Hie resulti are given in Table IV. 

Table IV 



Viseosity of Ae Two Esters 


Nunai of Siten 

Density 

Time of Flow 

Viscoaity 

Ortho-Cre^l 

Hdto-Creiyl Bn^rate 

• • 

• • 

• • 

1.001 

0.0082 

95.4 8008. 

97.8 M 

0.02457 

0.02500 


The authors take the opportunity of thankii^ Dr. J. V. I .a kha n i for 
valuable suggestions in the course of the above work. 

Chemical 'Laboratory, 

D. J. Sind College, Karachi. [Reeemd: August sg, iggst} 
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ADDITION OF PHENOL ETHERS TO 
SUBSTITUTED CINNAMIC ACIDS 

By 

B. D. Patel and K. V. Bokil 
Introduction 

I N an attempt at the direct synthesis of substituted cinnamic acids 
by the action of acetoacetic ester on phenol ethers in the presence of 
8o% sulphuric acid, p-p-disubstituted butyric acids were obtained 
instead of the expected substituted cinnamic acids (Vyas and Bokil, 
R^sayanam, 1939, I, 5 , 200 ; Patel and Bokil, Bomb. Univ. Jour,, 
1942, X, 5, 123-27). The failure to get these cinnamic acids in 
the free condition in these reactions seems to be due partly to the presence 
of alkoxy group in the benzene nucleus, and partly to the fact that the 
alkyl group in the p-position facilitates rapid addition of phenol ethers 
to these cinnamic acids formed as intermediate products in the above 
reaction, ordinary cinnamic acid, or one substituted only in the, benzene 
nucleus; is not found to add phenol ethers under the same conditions. In 
this connection the following synthetically prepared substituted P-mc- 
thylcinnamic acids and esters were found to add, very rapidly, phenol 
ethers such as anisole, phenetole and orthocresol methyl ether, in the 
presence of 80% sulphuric acid, producing p-p-disubstituted butyric 
acids. 

(i) ethyl p-methyl cinnamate ; (2) ethyl p-p-dimethyl cinnamate; (3) 
ethyl p-methoxy-p^methyl cinnamate ; (4) ethyl p-ethoxy-p-methyl 
cinnamate ; (5) ethyl o-methoxy-p-methyl cinnamate ; (6) 6-methoxy- 
p-3-dimethyl cinnamic acid. The following two acids, which are pre- 
pared for the first time, are, however, not found to add phenol ethers 
under the same conditions, probably due to steric conditions : — (7) 
P*methyl-p — (i-methoxy — 2-naphthyl) acrylic acid ; (8) p-mcthyl-p 
(2-methoxy- 1 -naphthyl) acrylic acid, p-phenyl cinnamic acid (Rupe 
and Busolt, Ber, 1907, 4539) is also not found to add phenol ethers 

under these conditions. 

The first fi^e cinnamic esters wre prepared by the condensation of 
bromacetic ester with the corresponding substituted acetophenones in 
presence of zinc, according to the method of Lindenbaum (^r, 1917, 
50, 1270-73). Most of the required acetophenone derivatives were 
best prepared by the method described by Noller and Adams (J,A.C.S. 
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ig24i 46*9 l88g). Ortho mechoxy acetophenone wajs, however, prepared 
by methylatbn of the corresponding hydroxy compound synthesised 
according to the method of Fries (Ber, 1910, 45, 115). 6-mcthoxy 
P-3-dimethyl cinnamic acid (K. von. Auwers, Annalen, 1917, 4/5, 
258, 276) was prepared in a nearly quantitative yield by methylation of 
the corresponding 4-6-dimethyl coumarin by a method similar to one 
used by Canter and Robertson (J.C.S., 1931, 1875). 4-6-dimethyl 
coumarin (Dey, J.C.S. 1915, 1636, is now prepared, in a high yield, by 
condensing acetoacetic ester with p-cresol in presence of 80% sulphuric 
acid. 4-methyl- 1 : 2- •< -p-naphthapyrone (m.p.i67®C, Bartsch, Ber, 
1903,55, 1966 ; Dey, J.C.S., 1915, 1606) could be more conveniently 
prepared by condensing acetoacetic ester with •< -naphthol in presence 
of 80% sulphuric acid. Methylation of this, according to the method 
described above, gave p-methyl-p-(i-methoxy-2-naphthyl) acrylic acid 
(m.p.i37®C). Complete demethylation occurs during anilide prepara- 
tion and condensation with phenol ethers in presence of 80% sulphuric 
acid. 

4-methyl- 1 : i2-p- -naphthapyrone (m.p. i8o®G; Bacovescu, Ber, 
1910, 45, 1280; Dey, loc, cit,^ 1628; Dey, Rao and Laxminarayanan, J. 
Ind. Chem. Soc. 1932, 73-75,) has now been prepared by using 80% 
sulphuric acid as condensing agent. Though the crude yield was consi- 
derable, the amount of the pyrone obtained was only 30% {cf, Dey and 
Laxminarayanan, J. Ind. Chem. Soc., 1932, 153- 154). An indication 
of the formation of a stable ^-methyl cis-naphtha-coumarilic acid was 
obtained from the fact that the ether soluble portion gave more of the 
naphthapyrone (ether insoluble) when kept overnight with concentrated 
sulphuric acid (blue fluorescence test); it could not, however, be sepa- 
rated in a pure condition. Methylatloh of the pyrone gave p-methyl- 
P-(2-methoxy-i-naphthyl) acrylic acid (m.p. 188 189 ®C) which gets 
demethylated during reactions as mentioned above. 

The p-p-disubstituted butyric acids, obtained by the^ addition of 
phenol ethers to the above cinnamic acids and esters and their derivatives, 
arc described In the tabular form for the sake of brevity. 

Experimental 

4-6-dimethyl coumarin : — To a mixture of p-cresol (o . i mol.) and 
acetoacetic ester (o.i mol.^ 80% sulphuric acid (80 gms.) was added 
with stirring, and the mixture allowed to stand for 24 hours. After de- 
composing with crushed ice (100 gms.), the separated solid was allowed 
to stand in the acid liquid for two hours for complete disintegration. The 
solid was shaken with 5% caustic soda solution, filtered, washed and dried 
— ^yield was 70% of the theoretical ; recrystallised product melted at 
148 ®C ; mixed melting point with an authentic sample did not change. 

(Found: C =75 .3, H =5 .8 per cent. Calculated forCn Hi 2 O2 — 
C=75.8, H =5. 7 per cent.). 

6-fnethoxy-J^-3^dimethyl cinnamic acid: — ^The above coumarin (10 gms.) 
was suspended in a mixture of methyl alcohol (85 C.C.) and caustic soda 
solution (85 C.C. cf 20%) in a flask fitted with a reflux condeni^r and 
heated (water-bath) until dissolved. After cooling to 50 ®C, dimethyl 
sulphate (50 gms.) was gradually added, maintaining the temperature at 
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The ecmtcntt ivefe fhm hea^ far one and a ImM hotirs^ after ' 
nMdi rOO C. G. aidre of the alkali s^ution (20%) were added) tempera* 
hure broc^t down to 50 and more of oimethyl sulphate (25 gma.) 
war gradi^ly added. The whole bulk was now heated for two tours to 
hydrolyse the ester farmed. The alkaline solution Was cooled, filtered 
and acklified — ^yfald to .5 gms., 90% of the theoretical. Thick rhombic 
]|rfates from alcohol m.p. 1^3 124 i mixed with an authentic sample, 

me m.p. dh! not change* 

(Found ; .6 per eent. Equit. wt. 3=207 .6. Calculated 

for Gi9 Rj 4 Oa, Csfefiq.g, H3s6.7^ percent. Equit. wt. « 206). 

4*m$1hyl^i : 2* < -fi^naphtiu^ane : — tc <»naphthol (25 gms.) was dissolved 
In acetoacetic ester (27 gms.)* 80% suljdiuric acid (180 gms.) 
vrasadicfad in five minutes with shaking. During the addition the mix* 
ture turned green and soon a semisolid appeared^ which increased to 
a big lumpy mass in the end. llie mixture was slightly warmed for a 
minute, and then kept at the room temperature for 24 hours. On pour- 
ing over crushed ice (150 gms.) the separated sticky solid gradually 
(^integrated into a granular red mass, ^is was shaken with 5% caustic 
soda solution, filtered, washed and dried; when washed with cold alcohol, 
a red po^cr was obtained — yield 31 gms., 85% of the thereoretical. 
Recrystallised product melted at 167^0 ; melting point of the mixture 
with an authentic s^ple did not ctonge. 

(Found: 0=79.4, H=4.8 per cent. Calculated for Cx^HxoO^ — 
C=8o .0, H=4 . 76 per cent.). 

B^mAyU^{i^mih0)y-‘2-naphthyl) acrylic acid : — ^The above pyrone 
(8 gms.) was dissolved in a mixture of alcohol (200 C.C.) and 30% caustic 
socia solution (60 C.C.) by heating (water bath) and methylation was 
carried out, as descril^ above, with 35 C.C. of dimethyl sulphate. 
After heating for two hours, 40 C.C. more of the alkali were added and 
t2 C.C. of dimethyl sulphate were again run in and the whole mixture 
was heated for two hours for completing the hydrolysis. The alkaline 
liquid was diluted, filtered and acidified when a thick liquid separated 
on vigorous shaking and solidified on standing overnight. The ether 
extract of this was washed with sodium carbonate solution which, on 
acidification, gave a grayish green semisolid which solidified on standing 
and stirring — ^yield 5 .5 gms. About 2 gms. of the pyrone was recovered 
from the ethereal extract. The acid was crystallised from dilute alcohol 
in the form of clusters of needles, and from benzene in the form of thin 
long needles — ^m.p. 137 ®C. 

(Found: C=74.i,H=6.i per cent.; Equit. wt.=243.5; Ci 5HX4O3 
requires C=74.4, H=5.8 per cent.; Equit. wt.=242). 

Ethyl ester prepared by the usual Fischer Speier method, distilled be- 
tween 280^—290® C/9 mm.; .5815. 

(Fcnmd ; Ci=75 . 2, H=:6 .8 per cent ;Ci7Hx803 requires C=75 . 55, 
itefd H=6.6 per cent.}. 

Me 0 ^i ester ^ prepared in a similar way, distilleci between 280® — 285 ® 
G/ifmaht.; .5937. 
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(Found : C=«74 . 7, H=6 .4 per cent; C| ^ e O3 requiresC=75 . 0, 
and Hss=6 .25 per cent.). 

^•methyl’-i: 2-^- < •naphthapyron$ : — ^-naphthol (8 gms.) was dissolved 
in acetoacetic ester (10 gms.) with a little warming, and 80% sulphuric 
acid was added when a white solid separated at once ; after warming 
a little, the mixture was set aside at the ordinary temperature for 24 
hours, llie mixture was worked up as in the previous case, and 
the alkali insoluble sticky, shining reddish mass thus obtained (8 gms.) 
— 70% of the theoretical — ^was taken up in ether in which some whitish 

E )wdery mass (1.5 gms.) remained insoluble, giving the characteristic 
ue fluorescence in concentrated sulphuric acid. The recrystallised 
product melted at 180® — i8i®C; mixed with an authentic sample, the 
melting point did not change. 

(Found : 0=79 .5; H=4 .85 per cent. Calculated for C14 O2 
C=8o.o; 11=4.76 per cent.). 

^•mthyU^^{ 2 -metho 9 y-i-naphthyt) acrylic acid : — ^Thc pyrone (7 gms.) 
was practically dissolved in a boiling mixture of methyl alcohol 
(200 C.C.) and 20% caustic soda (100 C.C.), and methylated with 30 
C.C. dimethyl sulphate as described in a previous case. After boiling for 
two hours, 50 C.C. of the alkali, and 12 C.C. of dimethyl sulphate were 
added and again boiled for two hours. After working in the usual way, 
3 gms. of the methylated acid were obtained, and 3 gms. of the pyrone 
were recovered. The acid was crystallised from benzene in the form of 
fine needles, m.p. 188®— i89®C. 

(Found :C=74.7; H =5 .7 per cent*; Equit. wt.=242 .5; C15H14O3 
requires C=74 .4; H=5 .8 per cent.; Equit. wt.=242). 

General procedure for the condensation of phenol ethers with the various cin- 
namic esters and acids : — 

The cinnamic esters, or acids, and phenol ethers are mixed together in 
the molecular proportions, and 80% sulphuric acid — ^in the proportion 
of 80 gms. per o . i mol. of the reacting materials — ^is gradually added with 
shaking and the mixture allowed to stand for 3 — 4 hours with occa- 
sional shaking. It is then decomposed by pouring over crushed ice, and 
extracted with ether ; the ether extract is washed with sodium carbonate 
solution, then with water, dried, and ether evaporated, giving the ester 
of the resulting butyric acid. The alkaline extract, on acidification, gave 
the corresponding butyric acid which, in the crude condition, is 
either granular solid, semisolid or thick liquid. Ethyl esters — ^not ob- 
tained directly from the condensation reactions, methyl esters and some 
anilides arc also prepared and given in the following table. 
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p.(p^ilioi^pliOTjl).p.(4-methozy-5- 03 o^S 404 Granules from dilute acetic acid, m.p. 103®- 104 C. rC=72,8 C^73.2 

methyl phrajl) butyric acid; 4 H=7.5 H=7.3 

lEq. wt.=325.4 328; 
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IMPROVED PREPARATION OF 
4-NITRORESORCINOL 

By 

N. B. Parekh and R. C. Shah 


4 *NITR 0 RES 0 RGIN 0 L has been prepared before by various 
workers in different ways. It was first isolated by Wcselsky along 
with 9 -nitroresorcinol as a secondary product in the preparation 
of diazoresorcinol, by the action of nitric acid containing nitrous acid 
on an ether solution of resorcinol (Weselsky, Annalen, 1872, 164, i ; 
Weselsky and Benedict, Wien Akad. Ifer,, (2) 8s, 1219). 


A. Fevre (Compt. Rend. 1883, g6, 790) obtained a mono nitroresor- 
cinol by the action of amyl nitrite on monosodium resorcinol, followed 
by treatment with sulphuric acid. ._r 

By the oxidation of 4-nitrosoresorcinol with hydrogen peroxide in 
alkaline solution, Borsche and Berkhout (Annalen, 1903, 330, 106) and 
Ehrlich (M, 8, 926) claimed to have obtained 4-nitroresorcinol in 70 
per cent, yield. 

Schiaparelli, Abelli (G. 13, 258) and Errera (G. 15, 272) prepared 
4-nitroresorcinbl from 4-nitroresorcinol dibenzoate, (prepared by the 
treatment of resorcinol dibenzoate with nitrosyl sulphuric acid (Schia- 
parelli, Abelli, B.,/^, 872) by boiling with alcoholic potassium hydroxide. 

V. Hemmelmayr (M. aff, 1905, 185) obtained 4-nitroresorcinol by 
heating 5-nitro-p-resorcylic acid with water in a sealed tube at 160®. 

Kauffmann and Kugel (Ber., 1911, 44, 753) obtained two isomeric 
nitroderivatives by nitrating resorcinol monobenzoate both of which 
yielded 4-nitroresorcinol on hydrolysis. (Weselsky, loc. cit.). 

Baker and Lothian (J. 1936, 280) have referred to the difficulty in 
preparing 4-nitroresorcinol. They found that 4-nitrosoresorcinol could 
not be oxidised with hydrogen peroxide under conditions described 
by Borsche and Berkhout {loe. cit.). By the modification of Gilbert, 
Laxton and Prideaux (J. 1927, 9299), they were however able to obtain 
a small yield of 0.5 gm. of 4-nitroresorcinol irom 10 gm. of the potassium 
salt of 4-nitrosore8orcinol. 

Chakravarti (J. Ind. Chem. Soc., 1937, 14, 37) has prepared 4-nitro- 
resorcinol by Borsche and Berkhout’s method (loc. cit.) in spite of the 
poor yield it provided. 
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It therefore appeared that no satisfactory method to prej>are 4-nitro« 
resorcinol in quantity has so far been devised. Since 4-mtrore8orcinol 
was required in a fairly large amount for synthetic work, the problem 
of its preparation was independently investigated. The method of 
Kauffmann and Kugel (/oc^ cit,), was tried and the difficulty was found 
that resorcinol monobenzoate was obtained in poor yield even after 
modifications by changing the concentrations. Nitration of p — ^resor- 
cylic acid according to the directions of Hemmelmayr was carried out at 
higher temperature, but 5-nitro-p-rcsorcylic acid obtained along with 
s^hnic acid was found to be in poor yield. In order to improve the 
yield the nitration of methyl- p-resorcylate was carried out. The product 
obtained was found to be methyl 5-nitro-S-resorcylate, which on hydro- 
lysis with alkali gave 5-nitro-p-resorcyIic acid. The yield then was 
found to be improved, but only to 27 per cent. With a view to improve 
the yield still further, the nitration of p-resorcylic acid at room tempera- 
ture was investigated. By this method 5-nitro-B-resorcylic acid was 
obtained in 55 per cent, yield without any trace of styphnic acid. 

The decarboxylation of s-nitro-^-resorcylic acid under conditions 
described by Hemmelmayr (for. at.) could not be carried out smoothly 
and the product was obtained in a highly impure state. To improve 
the yield a large number of exploratory experiments was carried out by 
heating 5-nitro- p-resorcylic acid in a sealed tube with varying propor- 
tions of concentrated hydrochloric acid, glacial acetic acid and water 
for different intervals of time at various temperatures. The conditions 
for the smooth decarboxylation of 5-nitro- p-resorcylic acid was finally 
worked out. By heating 5-nitro- p-resorcylic acid for lo to ii hours at 
140^-145® with a mixture of one part by volume of glacial acetic acid, 
one half part by volume of concentrated hydrochloric acid and two and 
half part by volume of water, 5-nitro- p-resorcylic acid was decarboxy- 
lated completely and the solution was obtained of clear orange yellow 
colour. The melting point of 4-nitroresorcinol was found to be 122® 
agreeing with that of Kauffmann and Kugel and not 115® as recorded 
by others. 

Experimental 

MethyU^'^resorcylate was prepared by Robinson and Shah’s method (J. 

» 934 . 1496). 

^-nitromethyU^-resorcylate : Concentrated HNOs (d. 1.42, 200 c.c.) 
was added drop by drop to methyl p-resorcylate (50 g.) kept in a 2 litre 
beaker. The mass left behind after the vigorous evolution of fumes had 
ceased, was diluted with water and the solid obtained was washed and 
crystallised from methyl alcohol (charcoal) in shining yellow needles, 
m.p. i 63“-67® (37 g.). 

Hemmelmayr (M. as, 33, 1904) has obtained the above product from 
5-nitro* ^•resorcylic acid and methyl alcohol with HCl and recorded 
m.p. 167®. 

Hydrolysis of mthyl s-nitro-p-resoriylate to s-niiro-^-resorcylic acid. 

5-nitro-p-methyl resorcylate (25 g.) was refluxed with NaOH (20%, 
aoo c.c.) on a water bath for 3 hours. It was then acidified with con- 
centrated HCl. The solid obtained was crystallised from methyl alcohol 
in fine yellow needles, m.p. 215° (15 g.). 
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PreparaHon of j^nitro-^^resorc^lic acid by the improved meihod. 

In a one litre flat bottomed flask ^-resorcylic acid (25 g.) was taken and 
concentrated HNO^ (d. i .42, 50 c.c.) was added ^op by drop from a 
dropping funnel. After the evolutbn of fumes had ceased, the mixture, 
protected from moisture with a CaCla tube, was kept overnight. It was 
then diluted with water and the solid that separated was washed and 
crystallised from methyl alcohol in shining yellow needles, m.p. 215® 
(12.5 g.). V. Henunclmayr (N. pj, 21, 1904) prepared the same acid 
along with styphnic acid by warming p-resorcylic acid with HNOs 
(d. 1 .4) and recorded m.p. 167®. 

Decarboxylation of ^’•nitro-^-resorcylic acid : 4-nitro-resorcinoL 

To effect decarboxylation various experiments were carried out. 
5-Nitro-p-resorcylic acid was heated alone and with water at tempera- 
tures varying from 100® to 200® in oil-baths. In all cases the product 
was found either in an unaltered state or as a charred mass. 

Hemmelmayr’s method (for. cit.) of heating the acid with water in a 
sealed tube at 1 60®- 170® for 7 hours was tried. It was obtained in very 
poor yield and other methods were therefore thought of and investigated. 

5-Nitro-B-resorcylic acid was heated in sealed tubes with varying pro- 
portions 01 acetic acid, HCl and water at different temperatures. At 
lower temperatures the acid was recovered unaltered and at higher 
temperatures the product was obtained in uncrystallisable charred state. 
By repeating the same experiment at 135® and continuing the heating 
for 10 to 12 hours, half the product -was found to be decarboxylated. By 
heating for ten more hours the substance was found to be completely 
decarboxylated. By heating 5-Nitro-p-resorcylic acid (5 g.) with acetic 
acid (10 C.C.), concentrated HCl (15 c.c.) and water (15 C.C.) at i4o"-i45° 
for 6 hours in a sealed tube nearly 1/3 of the substance was found to be 
decarboxylated. Longer heating charred the product. Ultimately the 
best conditions were found to be the following : — 

5-Nitro-p-resorcylic acid (5 g.) was heated in a sealed carius tube with 
glacial acetic acid (10 c.c.), concentrated HCl (5 c.c.) and water (25 c.c.) 
for 10 to II hours at I40®-I45®. The dark yellow solution obtained 
was extracted with ether and the acetic acid was removed over caustic 
soda in a vacuum desiccator. It was crystallised from hot water and 
dried over HaS04 in a vacuum desiccator, m.p. 80®. It was recrystal- 
lised from chloroform in needles, m.p. 122® (2.8 g.). It is easily soluble 
in ether, alcohol benzene and less soluble in chloroform and carbon 
tetrachloride. 

Lit. m.p., P. Weselsky (loc. ciL) 1 15®; A. Fevre (for. cit.) has re- 
corded no definite m.p.; Borsche (/or. rf^); 115® ; V. Hemmelmayr 
(loc. cit.) 80® and after dehydration 115°; Kauffmann and Kugel 
lloc.cit.) 122® ; Baker and Lothian {loc. dt.) recorded 115°. 

Departmbnt of Organic Chemistry, [ Received : August /, /94a ] 

Royal Institute of Science, 

Bombay 



SYNTHETICAL ANTHELMINTICS 

Part VI— ^-p'Oethoxjr phenyl-y>alkyl butyrolactones 

£j> 

Mns K. Paranjape, N. L. Phalnikar and K. S. Naround 

y-p-METHOXY phenyl butyrolactone which was shown to have 
thrice the anthelmintic properties of santonin by Rosenmond and 
Schapiro (Arch. Pharm. 1934, pyp, 313) has been taken by Nargund and 
collaborators as a standard substance and various substituents have 
been introduced into its structure with a view to correlate the structural 
changes with those in the anthelmintic properties. The introduction 
of an alkyl group profoundly modifies the physiological properties of a 
drug, possibly by increasing its solubility in lipoids. To test the effect 
of an alkyl group on the anthelmintic properties, various y>alkyl-y-p> 
methoxy phenyl butyrolactones were prepared by Trivedi and Nargund 
(Jour. ^m. Univ. 1941, jo, 102). With the same purpose in view p-p- 
methoxy (hydroxy) phenyl-y-alkyl butyrolactones are now prepared 
and described in the present communication. 

The method chosen for the preparation of the above-mentioned com- 
pounds was the following. The Reformatsky’s reaction of ethyl bromo- 
acetate with alkyl p-methoxy phenyl ketones gave p-p-methoxy phenyl- 
P-hydroxy-y-alkyl butyrates (I). Dehydration of ( 1 ) with phosphorus 
pentoxide in benzene solution (Kon and Nargund, J. C. S. 1932, 2461) 
gave cthyl-p-p-methoxy phenyl-y-alkyl butenoates (II), which by 
cold alkaline hydrolysis gave the corresponding acid (III). The latter 
on treatment with 60 per cent (wt) sulphuric acid at room temperature 
for 100 hours was smoothly converted into the lactone (IV). The above 
procedure for the conversion of py-unsaturated acid into butyrolactone 
was found to be better than the treatment of the unsaturated acid with 
60 per cent (vol) sulphuric acid at go** for 20 minutes — a process described 
by Linstead and Meade (J.C.S. 1934, 942). Demethylation of the me- 
thoxy lactones (IV) by hydrobromic acid in acetic acid gave hydroxy 
lactones (V). 
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TS V 


Alkyl p-mcthoxy phenyl ketones required for this work were prepared by 
Friedel and Craft’s reaction of an appropriate acid chloride on anisole 
using nitrobenzene as solvent (Paranjape, Phalnikar and Nargund,Jour. 
Bom. Univ. 1942, //, 120). 

« ijt 

The experimental details are given in case of compounds obtained from 
p-methoxy phenyl heptadecyl ketone. Similar methods were used in 
other cases and the compounds described in tabular form. 

Experimental 

/ 

Etfyl ^•p^methoxy phenyl ^-hydroxy y-hexadetyl butyrate : — A mixture of 
p-methoxy phenyl heptadecyl ketone (37.4 gms), zinc (6.5 gms), ethyl 
bromoacetate (i6.g gms), and toluene (200 cc) was heated on a sand 
bath. A vigorous reaction ensued at the boiling point of toluene. After two 
hours boiling it was decomposed with ice and dilute sulphuric acid and 
toluene removed by steam distillation. The residue crystallised from 
ethyl alcohol m.p. 60®, yield 70 per cent. (Found : C, 75 o; H, 1 1 . i per 
cent. C29H50O4 requires C, 75.3 H, ii .3 pei cent). 

^•p^meihoxy phenyl ^-hydroxy y^hexadecyl butyric acid .‘—The above ester 
was boiled with excess of ten per cent alcoholic potassium hy^oxide for 
two hoiurs. After removing the neutral impurities it was acidified and 
the product recovered. It crystallised from fnethyl alcohol in plates 
m.p.71®, fFound:C,74.8;H, io.6percent.lEqt. wt, 440.0. C27H4QO4 
requires C, 74.7; H, 10. 6 per cent. Eqt. wt, 434 «o)- 

EAyl ^^metho:y phenyl V-hexadetyl A* butenoate A mixture of ethyl 
P-p-metnoxy phenyl B-hydroxy y-hexadecyl butyrate (4.6 gms), phos- 
phorus pentoxiefe (i .8 gms) and benzene (20 cc) was heated on water- 
bath for three hours. It was then decomposed with water and benzene 
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removed by steam distillation. The residue crystallised from ethyl alco- 
hol in small leaflets m.p. 68°, yield 6o per cent. (Found : C, 78.4 ; H, 
lO.Sper cent. Cg9H4g03 requires C, 78.4; H, 10.8 per cent). 

^p-mtho:y phenyl y-hexadttyl butenoie acid : — A mixture of the above 

ester and ten per cent alcoholic potassium hydroxide (50 per cent excess) 
was kept at room temperature for 48 hours. The unhydrolysed ester was 
removed by ether extraction and the acid recovered by acidification. It 
crystallised from ethyl alcohol in needles m.p. 76*. (Found : 0,77.6; 
H, io.7p)ercent. Eqt. wt, 420.0. 037114403 requires 0,77.9; H, 
per cent. Eqt. wt, 416.0). 

^-p~metho)y phenyl y-hexadecyl y-bulyrolactone : — ^The above acid (r gm) 
was mixed with 60 per cent, wt, sulphuric acid (20 cc) and kept at room 
temperature for 100 hours. It was then poured in w'ater, extracted with 
ether. The ether layer was thoroughly washed with a solution of sodium 
bicarbonate and then with water, dried over calcium chloride and the 
product recovered. It crystallised from hexane m.p. 58°, yield 90 per cent. 
(Found: 0 , 77.9; H, 10.2 per cent. Eqt. wt, by back titration, 417.7. 
O37H44OS requires C, 77. 9; H, 10,6 per cent. Eqt. wt, 416). 

^•p-hydroxy phenyl y-hexadecyl y-butyre lactone : — ^The above lactone 
(1 gm) was boiled for three hours with a saturated solution of hydro- 
bromic acid in acetic acid (10 cc). The product recovered crystallised 
from hexane m.p. 78 — 79®. (Found: C, 77.5; H, 10.4 pei cent. Eqt. wt, 
by back titration, 402 .4. G2 e H4 2 O3 requires C, 77 . 6; H, 10 . 5 per cent. 
Eqt. wt, 402), 






B-p-metiioxy phenyl S>hydiozy nonoic CX6H24O4 By alkaline hydrolysis of tlie above ester, C, 68.4; H, 8.6 C, 68.6; H, 8.6 
acid h.p. 235 at 46 mm. Eqt. wt, 281 E^t. vt,280 










3-4-DlMETHOXY-PHENYL-SUCClNlC ACID 

By 

K. P. Dave, J. J. Trivedi and K. S. Nargund 

I SOMERIC hydroxy and methoxy phenyl succinic acids have been 
described before by Dave and Nargund (Jour. Bom. Univ. 1938, 7, 
198, 202). The present work which is a continuation of it describes 
the synthesis of 3-4-dimethoxy-phenyl-succinic acid. 

2-4-dimethoxy phenyl succinic anhydride was the main product of the 
reaction between maleic anhydride and resorcinol dimethyl ether in 
presence of anhydrous aluminum chloride (Rice. J.A.C.S. 1931, 55, 
3153). A similar attempt at the condensation of veratrole with maleic 
anhydride gave only 3-4-dimethoxy-bcnzoyl-acrylic acid, no trace of the 
corresponding succinic acid being formed (Dave and Nargund Jour. 
Bom. Univ. 1938, 7, 191-195). 3-4-dimethoxy phenyl succinic acid^can 
be very conveniently prepared by Lapworth’s metho”^ (J C.S. 1922, 49, 
1699, 2741; ibid. 1925, 560). Veratraldehyde on condensation with 
sodium cyanoacetate gave (!X-cyano-j3-3-4-dimethoxy-phenyl-acrylic acid, 
the ethyl ester of which readily added on potassium cyanide to yield 
an oily dicyano ester. The latter on hydrolysis with dilute hydrochloric 
acid gave 3-4-dimethoxy-phenyl-succinic acid which has been charac- 
terised by the usual derivatives. 

Experimental 

Veratraldehyde was prepared according to the method of Decker and 
Koch (Ber. 1907, 40, 4794). Sodium cyano acetate solution was pre- 
pared according to the procedure described in Organic Syntheses, V0I.7, 
page 20. 

(i-cyano-^-^- 4 -dmethoxy^phnyUacrylic acid : — Veratraldehyde (6 gms) 
sodium cyanoacetate solution (17 cc) and a few drops of ten per cent 
sodium hydroxide solution were shaken for half an hour at 40®, It was 
then acidified, filtered and washed; yield lo’gms. It was soluble in alco- 
hol and ethyl acetate, slightly soluble in benzene and insoluble in petrol. 
It crystallised in yellow feaj:hcry needles from hot water m.p. 200®. 
(Found : C, 61.7; H,4.9 per cent. Eqt. wt. 230.C12H12O4N requires 
C, 61 .8; H, 4. 7 per cent. Eqt. wt. 233). 

M£thyl^(ii-cyano-^-»3>'4^dimethoxy»phmyl acrylate prepared by Fischer- 
Speier method was a colourless solid crystallising from methyl alcohol 
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in needles m.p. i3s°. (Found: 0,63.0; H,5.4 per cent. C13H1SO4N 
requires C, 63.3; H, 5.3 percent). 

Ethjil-(t-gMmo-^--3-4^inuthoxj>-phenyl acrylate prepared similarly crys> 
tallisM from alcohol in yellow needles m.p. 153’’. The same compound 
was also prepared from veratraldehy^ (logms) ctlwl cyanoacetate 
(7 gms) and a few drops of piperidine; jneld 1 1 . 5 gms. (Found: 0, 64 . 1 ; 
H, 5.9 per cent. Cj 4H1BO4N requires C, 64.4; H, 5.8 per cent). 

3-4-dimtiio^phenyl-succink acid: — A mixture of ethyl-Ol-cyano-p-3-4- 
dimethoxy-phenyl acrylate (6 gms), potassium cyanide (3 gniu) and fifty 
per cent alcohol ( 1 3 cc) was heated on a water bath for two ^nutes when 
the ester dissolved. It was then diluted with water and acidified. The 
reddish oil that separated was extracted with ether and ether removed 
without drying. Con. hydrochloric acid (5 cc) and water (3 cc) were 
added to it and boiled for 4 hours. The pr<^uct obtained was purified 
by treatment with sodium carbonate solution. It was soluble in hot 
water, methyl and ethyl alcohol, acetic acid and ethyl acetate but in- 
soluble in petrol. It crystallised from water in pale-yellow flat needles 
m.p. 130®. Silver, barium and lead salts were insoluble in water. (Found: 
C. 56.4; H, 6.3. Eqt. wt. is6.3. Ci2Hi40e requires C, 56.7; H, 5.8; 
per cent. Eqt. wt. 137). 

Methyl-3~4-dimethoxy-phenyl succinate prepared by Fischer-Speier method 
crystallised from dilute methyl alcohol in long needles m.p. 65®. (Found: 
C,59.6;H. 6.5 .Ci 4 Hi *06 requires C, 59.6; H, 6.4 per cent.) Ethyl 
ester was a gummy substance which could not be purified. 

3-4-dimetkoxy-phenyl-succinic anhydride prepared from the acid and excess 
of acetic anhydride on a water bath crystallised from ethyl acetate in 
prisms m.p. 134°. (Found; €,59.9; H, 5.4 per cent. C1.2H12O5 re- 
quires C, 61.0; H, 5.1 percent). 

SemianUide of 3-4-dimethoxy-phenyl-siucinic acid prepared from the an- 
hydride and aniline in benzene solution crystallised from dilute alcohol 
in flat needles m.p. 151°. (Found: Eqt. wt. 329. CieHijOsN requires 
eqt. wt. 329). 

Semi-p-toluidide of 3-4-dimethoxy-phenyl'Succinic acid prepared similarly, 
CTystallisedfrom ethyl alcohol in prisms m.p. 158® — 159°. (Found: Eqt. 
wt. 338.4. CjbHiiObN requires eqt. wt. 343). 

3-4‘ditnetiioxy-phenyl succinimide prepared by heating the anhydride in 
a current of dry ammonia crystallised in plates from alcohol m.p. 172® 
with previous softening at 163°. (Found: N, 6 . 3 per cent. Ci 2 Hi 3O4N 
requires N, 6 . 0 per cent.) •• 

We thank the University of Bombay for a i^esearch grant to one of us 
K. S. N., and the Charak Trust for some chemicals. 
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The importance of avoiding preventable losses of food grains during 
storage before its actual consumption should, therefore, be obvious to 
anyo^ who is familiar both with the destruction of food grains by 
weridls and other insects during storage, and the food situation in India 
during the war. Hence it is very essential to find means of economising 
the qiiantity of mercury required for preventing the attack of insect pests* 
and the loss siistained thereby during the storage. It is reported (Agri. 
Research Institute, Pusa, loc, cit,) that seven oimces of mercury were 
required to preserve i6 maunds of wheat, (i maund=8olbs.). The 
present price of merewy will act as a deterrent against its use in such 
quantities as are mentioned in the scientific reports of the Agricultural 
^search Institute. 

Some experiments were therefore undertaken with a view to reduce 
the quantity of mercury reported to be necessary for the prevention of 
spoilage of food grains by insects. An account of these experiments 
together with the observations made in the course of these experiments 
are presented in this paper. It may be observed here that these expert 
ments were carried out only on a small scale, yet in the light of the re- 
sults obtained by previous investigators, combined with similar obser- 
vations in the present experiments of ours, there are very good reasons 
for believing that the results will be successful on a large scale. We may 
as well mention here that we are prepared to carry out these experiments 
under our supervision provided faedities are granted. 

Experimental 


Instead of using the briquettes of tin mercury amalgam or mercury 
alone by itself or mercury mixed with cow-dung or soil as was done by 
previous investigators, we prepared a number of copper sheets measuring 
1.5" long and i" broad by coating them with mercury. To coat the 
copper pieces on both the sides about 0.4 gram of mercury was re- 
quired. These mercury-coated copper sheets were then kept in perfo- 
rated paper boxes, so that during handling the mercury would not be 
rubbed away. In these trials husked rice and husked Vari grains (Pani- 
cum sp.) already infested with weevils and beetles were used. They 
contained eggs, caterpillars or grubs of various sizes and full grown wee- 
vils And b^tlcs. The quantity of grains taken for the experiment was 
In lots of 5 lbs. each. Tin boxes provided with lids served for storage. 
The paper boxes containing the mercury coated sheets were placed in the 
grains stored in the tin boxes. The lids of the tin boxes were kept closed 


but loosely except when the lids were occasionally opened for inspection 
to observe the effect of the mercury-coated sheets on the insects at in- 
tervals. A detailed examination of the stored grain and the insect pests 
was made after two months’ storage and the following points were noted: 
(1) The eggs were not microscopically examined, so the effect of mer- 
etuy on eggs could not be noted at this juncture: but it would be found 
in t|ie next experiment. (2) All the ilimall sized caterpillars or grubs 
^s than I'' in length) were found dead in about a fortnight, Le.^ in Ae 
lirtnight immediately after the addition of the copper sheets coate4 witb 
Itiercury. (3) Of the larger sized caterpillars or grubs (more tfian i"' in 
feiHgth) some were dead but a large percentage remained alive and active 
after two months in storage. (4) The full grown weevils and beet* 
lai j^resent in the sample were unaffected by the treatdlcnt during the 
of the experiment, fqr two montlM. ^ 
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At th6 end of this period of tivo months all the different samples of 
grain, both treated and untreated, weice cleaned, and the weevils, oeetles 
and caterpillars or grubs were removed by hand picking, but no attempt 
was made to search for eggs on the grains or remove them. The eggs 
if any were present on the grains were left, as they were, quite untouched 
and unbanned. The cleaied grain samples were now kept back in the 
tin boxes together with the mercury-coatt^ copper sheets, observations at 
intervals were made as before but no weevils or beetles and caterpillars 
or grubs could be detected in the samples with the mercury-coated copper 
sheets. After a period of two months, when the samples were taken out, no 
weevils, beetles and caterpillars or grubs could oe found to have deve- 
loped in the stored grain after the cleaning process showing very clearly 
that if any eggs were present on the grain at the time of the cleaning 
process, they could no longer develop in the samples with mercury-coated 
copper sheets. The untreated samples which had no mercury-coated 
sheets kept in them, however, had developed caterpillars or grubs and a 
few weevils or beetles also. 

Consumption of the Stored Grain : — One of the samples of rice taken 
for this experiment was over one year old before it was exposed to mer- 
cury treatment. At the end of the experihient, which took more than 
four months for completion, the samples were cooked and consumed one 
by one. There was no change in its taste or odour. 

When the experiment was first started the husked panicum grains were 
about eight months old since husking was done. After the total experi- 
mental period of four months these panicum grains were also cooked and 
consumed on several occasions. The taste and smell did not differ from 
the normal newly husked grain. The untreated control sample in this 
particular instance was found to be developing slightly bad odour, which 
of course may or may not be due to the weevil attack. 


Discussion 


It is quite clear from the above experiments that the small quantity 
of mercury spread on thin copper sheets served the same purpose as the 
large quantity of mercury used either alone by itself or in the form of thin 
briquettes of tin mercury amalgam used by the previous investigators. 
(Dutt and Puri, Rep. of the- Agri. Inst., etc., loc, cit,). The quantity of 
mercury required in our experiments amounts to about one eighth to 
one twelfth the quantity required by the earlier investigators. 

The previous investigators have already concluded from their experi- 
ments that the insecticidal property depends on the vapour developed 
firom mercury kept in the space in which the grain is stored. The mer- 
cury vapour prevents the eggs from developing into caterpillars or grubs. 
This conclusion served as our working hypothesis and we planned our 
experiments to effect an economy in thlp quantity of mercuiy to be used 
for preyentmg the damage to stored gram by insects, after considering 
the various points as mendOned below. 

The data on the vapour pressure of mercury at different temperatures 
indicates that mercury possesses very low vapour pressure at atmosphf rio 
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temperatures. (Landolt Bdrnstein, Phy^sikalische-Chemische Tabbellen, 
5th edition, pp. i335)- 


Temp, C 

V.P. in m.m. 
Mercury 

Temp. C 

V.P. in m.m. 
Mercury 

16 

0.00092 

28 

0.00254 

18 

0.001 10 

30 

0.00299 

20 

0.00131 

32 

0.00350 

22 

0.00155 

34 

0.00410 

s 

0.00183 

0.00216 

36 

0 . 00478 


The evaporation of mercury therefore at these temperatures is neg- 
ligible. F. Glaser (Zcit. Electro Chem. 1903,5,11) states that the loss 
per sq.c.m. per hour of electrolytically pure mercury is 0,002 milligram 
at atmospheric temperatures. Thus the total quantity of mercury lost by 
evaporation is very small. Similarly, the concentration of mercury 
vapour at these temperatures is also small. But even this small vapour 
of mercury appears to be quite sufficient to prevent the development of 
effis. At the same time this small quantity of mercury vapour is in- 
effective towards fully grown caterpillars or grubs or weevils or beetles. 
This observation has a very high significance inasmuch as we can pro- 
bably conclude from it that the small quantity of mercury vapour will 
be equally harmless to human beings and the method can be safely used 
for domestic use. 

In different parts of India the atmospheric temperatures vary from 
i6°C to 34°C or at the most 36°C. The vapour pressure of mercury in 
this range of tcmp>cratures would be between 0.00092 to 0.00410 m.m. 
The insecticidal effect will naturally be proportional to the quantity of 
n^rcury in the form of mercury vapour present in the atmosphere sur- 
rouAding the grain. So, if we wish to increase the efficiency of mercury 
vapour (for the prevention of damage by insect pests) we will have to 
nuUce it attain the proper concentration evenly and rapidly. Now the 
vapour of mercury depends solely on the temperature, but 

recourse to high temperature would not be desirable because an unduly 
large increase of temperature of the atmosphere around the grain would 
probably result in the deterioration of the grain and may also cause loss 
of the power of germination, and hence if we want to utilise the small 
amount of vapour pressure of mercury (attained at low temperature) to 
its fullest extent and get the maximum benefit therefrom the only alter- 
native available to us is to make the mercury vapour at low temperatures 
diffuse very rapidly in the space where the grain is stored. The simplest 
way of accelerating the diffusion of mercury vapour in a given space con- 
sists in increasing the surface of mercury emitting the vapour. This can 
be done by either of these two methods, (i) The first consists in dividing 
the total quantity of mercury into as many small fractions and keeping 
these small fractions at a number of different positions in the storage space 
(a tin, a room, or a gunny bag) instead of the whole quantity of mercury 
in one place. (2) Another method of achieving the same object consists 
in spreading the mercury on a large surface, by coating thin ribbons 
like metal sheets with mercury. The small pieces of the metal coated 
with mercury may then be tied up separately in muslin bags or perforated 
paper boxes and placed at different place in the grain. The surface of 
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mercury thus exposed with a definite quantity of mercury would be very 
much ^ater than if the same quantity of mercury w<ere exposed in t^ 
form of tm amalgam discs or briquettes. 

In our later eiqieriments which are recently being carried out and 
which sure not ^scribed here, we have disperse mercury in fine drop* 
lets suid depMited them between two ribbons of porous paper. With 
these paper ribbons We expect that a still smaller quantity of mercury 
than ^t used in the present experiments would be sufficient to prevent 
the damage of food grains by insects. Theoretically, only a few mill!* 
grams of mercury properly ^persed would be sufficient to preserve the 
grain. After makmg sufficient allowance for the loss by evaporation, 
about one gram of mercury per palla of 240 lbs. would suffice. This 
means that there would be an economy to the extent of approximately 
i/50th to i/75th of the quantity used by previous investigators. Itmaybe 
noted here that mercury even though finely dispersed is perfectly stable 
and not oxidised so that its activity remains unimpaired. (C. rarfoed, 
Jour, prakt. Chem., 2, 5^, 458, 1888). 

Summary 

Insecticidal property of mercury vapour has been studied and while 
the observation of its effect on eggs of insects is confirmed it has been 
definitely observed for the first time that mercury vapour also kills the 
small sized larvae of the insects attacking the food grains in storage. 

Suggestions are made to effect economy in the quantity of mercury 
to be used and to attain greater efficiency with a comparatively smaller 
quantity of mercury. Fresh experiments are being carried out to further 
reduce the quantity of mercury and also to determine the minimum 
quantity of mercury required for the storage of different food graiia* 
without damage by insect pests. Attempts are being made to find sc^e 
compounds of mercury possessing a higher vapour pressure and yet in- 
nocuous to human beings. 

I wish to express my thanks to Prof. N. V. Joshi, Profes»oi V Micro- 
biology and Bio-ChemisUy, Fergusson College, Poona, for his valuable 
help during the present investigation. 


Ferousson Colleob, 
Poona 
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THE INTER-TRAPPEAN BEDS AT 
UPPARHATTI 

By 

K. V. Kelkar and R. B. Gupte 

T he object of this paper is to place on record the results of our study 
of the inter-trappean rocks at Upparhatti, a village about five miles 
east-by-south of Gokak (Lat.i6° to' N. Long. 74° 53' E.) in Belgaum 
District. Newbold* had noticed these rocks as early as 1845, but it \ras 
Foote who first recognised that they are an inter-trappean lake deposit. 
A brief description of these rocks and a sketch section showing then suc- 
ces.sion has been given* by the latter author in his “The ^ological Features 
of the S.M.C. and Adjacent Districts” and it may incidentally be re- 
marked that though published a» early as 1876, it is yet the best available 
account of the geology of this tract. 

As stated by Foote* the beds exposed in a section north of Upparhatti 
are : — 

“4. Quartzite and gneiss shingles of uncertain age. 

3. Weathered basaltic trap. 

2. Red sandy marl with three or four sandstone partings containing 
Unio (Deccanensis ?). 

I. Decomposing whitish amygdaloidal trap.” 

Attention will be confined in this article to the “Unio” beds forming 
series a in the table above. 

The marl contains up to ten pei cent of calcium carbonate in the form 
of calcite and fine calcareous dust. It is admixed with varying amounts 
of sand. The sandy portion is composed mainly of crystalline quartz, the 
other constituents ^ing limonite-coated weauiered felspar and a few 
slightly weathered microrline grains. The colour of the rock varying 
between red and dark brovm is due to the presence of limonite. 

The sandstones are more or less calcareous and like the marl, coloured 
by limonite. They are composed of ill-sorted detrital material and in 
texture vary between fine and very coarse grades. Much coarser frag- 
ments, waterworn pebbles and shingles of quartz, are scattered in the 
beds. 
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Qpartz is the principal constituent of the sandstones and forms suban** 
gular anhedral grains. Weathered limonite-coated felspar grains form a 
subordinate portion. Microcline is present but as a rule in small amounts. 
The calcareous matter, amounting to less than five per cent of the rock, 
is mainly calcite but some of it is cryptocrystalline or fine flour-like. 

The rocks are loosely cemented and crumble easily into powder. 

The Accessory Constituents 

The marl and the sandstones yield a fair quantity of heavy residue, 
the carbonate-free extract, amounting to between i . i and i .8 per cent 
by weight. Twenty-five grammes of the powdered coarse sandstones 
and ten of the finer marl, obtained by quartering of the bulk specimen 
(400 — 5pogms. in weight), were used in these determinationr. Heavy 
residues were extracted by means of bromoform by following the usual 
technique.* Two parallel series of extracts had to be obtained : i) From 
a neutral, i.e. ordinary water digest, and 2) from a weak HCl digest 
to get rid of the calcium carbonate and the ferruginous stain. 

The minerals composing the heavy residue from the marl and the 
sandstones are identical and need not be described separately. They are 
opaque iron ores, pink garnet, epidote, tourmaline, actinolite, kyanite, 
staurolite, zircon, rutile and apatite. Their relevant characters are 
stated below. 

Fe-ores-Magnetite is absent or nearly so. Haematite is the common- 
est of the ores and occurs as rounded grains appearing earthy reddish 
brown by reflected light, or as irregulai black plates with a splendent 
lustre. Occasionally changing into limonite. Ilmenite-black, irregular 
grains, subangular to rounded ; several changing into white leucoxene. 
♦Size of the grains — 0.51x0.32 mm. 

Garnet — ^pink to nearly colourless. Form — irregular ; rarely euhedral, 
little or slightly rounded rhombic dodecahedra. Grains subangular to 
well rounded. A few fractured grains. The surface of worn grains 
usually smooth but many appearing as if they were covered by minute 
tubercles or aggregates of curved scales. Size — euhedral 0.2 mm. in dia- 
meter ; well rounded o . 24 mm. across ; irregular and subangular — 
0.7 Xo. 6 mm. 

Epidote — ^usually green or greenish yellow ; a few brownish or colour- 
less. Plcochroism feeble in the greenish grains. Form — irregular grains 
and laths ; usually subangular. Nearly one-fourth of the total number 
of grains show some rounding. A few well rounded. Rarely euhedral. 
The elongated flattened plates usually exhibit a compass needle figure 
due to the emergence of an optic axis. Size — euhedral — 0.48x0.13 
mm. 

Tourmaline — pink, pale brown or greenish brown. Pleochroism intense. 
As a rule shcBvs little rounding. Fractured prisms usually void of termi- 
nal faces. Prism faces vertically striated. Size — prisms o . 35 x 0 . 1 6 mm. 
Irregular grains — o . 48 x o . 22 mm^ 


The maximma observed sizes stated throughout. 
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Actinolite — green, pale green or colourless; thicker grains bluish green ; 
feebly plcochroic. Irregularly bounded laths or fibrous aggregates. A 
few changing to chloritic material or coloured by limonite. Size — laths 
— 0.94X0.4 mm. 

Kyanite — colourless. Subangular prismatic grains with irregular termi- 
nations. Often both the (001) and (010) cleavages seen ; such fragments 
extinguish at nearly 30® with reference to the (010) cleavage and show 
the emergence of the negative bisectrix of a large optic angle. Size — 
0.59x0.21 mm. 

StauroLiU — ^pale yellow to brownish yellow ; moderately pleochroic. 
Form — ^very irregular. Angular to sub-angular fragments. Size — 0.62 x 
0.35 mm. 

Zircon — colourless to very pale brown. Usually euhcdral ; prisms 
terminated by pyramid faces. Usually slightly rounded. A few frac- 
tured prisms with pyramids at one end. Rarely coarse, well rounded 
prisms or ellipsoidal grains. Size — ^well rounded grains, 0.37x0.32 
mm. Little rounded prisms, 0.19x0.05 mm. 

Rutile — ^Reddish brown . Prisms with pyramidal terminations .'ounded, 
and ellipsoidal grains. Size— o. 16 X 0.02 mm. 

colourless and clear. Only well rounded prism? and egg- 
shaped grains occur. Size — o .21x0.19 mm. 

Proportion of the Accessory Minerals 

In all six representative specuuens — 3 of marl and one from each of 
the three sandstone partings — were used in determining the frequency of 
the various accessory minerals. There is some variation in the total 
amount and the relative proportion of the accessories in these rocks ; 
but ar variations occur in both, the marl and the sandstone, and to an 
equal extent, the rocks cannot be distinguished by means of the proportion 
of the accessories they contain. By averaging the results obtained from 
the specimens studied the frequency of the minerals of the inter- trappean 
deposit as a whole may be expressed by symbolic® numbers as follows : — 

Fe-orc» : 6 ; Garnet : 5 ; Epidote : 5 ; Tourmaline : 4 ; Actinolite : 
4 ; Kyanite : 4 ; Staurolite : 3 ; Zircon : 3 ; Rutile : i ; Apatite : i. 

Source of the Sediment 

Almost the whole of the material composing these beds has been 
derived from pre-trappean rocks, contribution of Deccan trap being 
little if any. None of the essential minerals of the Deccan trap was 
detected either in the bulk portion or in the accessories, ahd the majority 
of the accessory minerals are such as could not be derived from the trap. 
The probable sources of the detrital material arc the Archaean meta- 
morphic rocks and the Kaladgi sediments. The fairly high proportion 
of subangular and slightly rounded grains of accessory minerals indicates 
that the material is in the first cycle of sedimentation and that it was 
derived directly from some Archaean rocks containing garnet, kyanite, 
staurolite etc. Little can be said at present regarding the locality of the 
^ent rocks, 
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Fossils 

An examination of these beds yielded several fossils in addition to the 
Unio recorded by Foote®. They include reveral gastropod shells like 
Physa and Limnea and fragments of the skeleton of a Qielonian. A 
general account of the forms collected is given below. 

Unio-Unio shells are the conunonest of the few fossils occurring in the 
sandstone partings. 

Shells inequilateral, oval in outline ; the outline of some slightly wavy, 
the ventral centre portion curving slightly inwards. Surface orna- 
mented with distinct concentric growth lines. Many shells have a ridge, 
variable in elevation and extending from the umbones to the extremity 
of the posterior margin. Umbones distinct and marked with faint, 
radiating, short ridges . Ventral border smooth. There are two varieties 
which differ only in their relative thickness — one being gibbose and the 
other rather compressed. Both equally common. Sizes : 

Length — 67.8 mm. Breadth — ^41 mm. Thickness — 28.8mm. 

„ 74 mm. „ 43.8 mm. ,, 19.7 mm. 

Physa — P. prinsepii (Sow) normaP form and also a new form of the 
following description : shell oval in outline ; spire short ; aperture 
almost as long as the last whorl. Total height — 53.5 mm. Height of 
spire — 14mm. Diameter of the shell — 27 mm. 

Paludina — Shell small, with four whorls only ; turbinate ; spire short. 
Imperforate. Aperture round. Surface marked with faint striae trans- 
verse to the whorls. Height — 7.7 mm. Diameter — 6.2 mm. 

Limnaa — Shell very long and slender. Spire long and pointed. Body 
whorl longer than the spire. Surface smooth. Resembles L. telankhed- 
iensis.® Height — 19.2 mm. Diameter — ^4.6 mm. 

One more gastropod, presumably the Bulimus of earlier writers,® is 
as common as the gastropods described above. It is a long turreted 
shell with six whorls. Whorls convex. Apex blunt. Whorls increase 
gradually in size from the apex. Form cylindrically ovate. Coiling 
dextral. Aperture entire. Peristome slightly reflected. Height — 15.3 
nun. Diameter — 5.8 mm. 

In the Chelonian skeleton discovered as loose isolated fragments the 
following parts can be recognised : Distal piece of femur ; portions of 
epi-, ento-, xiphi-, and hypoplastron, and marginal and costal plates. 

Stratigraphic Position 

These beds are already known to be members^® of the Lower Inter- 
trappean group. Occurrence of Physa and the other gasteropods men- 
tioned above is an addition to the proofs available showing the close 
relation between these beds and the Lower Inter-trappean beds of C.P., 
Central India etc. 

We have to thank Prof. B. S..Gogte and Mr. B. G. Shirole of Zoology 
Dept, of this College for their help in identifying the parts of the Chclon- 
ian skeleton mentioned above, 
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Explanation of Illustrations 
Plate I 

Nos. I — 11. Photomicrographs. Ordinary lights. All magnified. 67 x 

1. Garnet — anhedral ; rounded. 

la. „ euhedral ; slightly rounded. 

2. „ rounded. Spotted appearance, the surface tubercular. 

3. „ well rounded ; surface smooth. 

4. Epidote — Euhedral ; little rounded. 

5. „ Irregularly bounded lath ; the common form. 

6. „ Rounded grains. 

7. Tourmaline — the usual form. 

8. Actinolite — the usual form. 

9. Kyanite. 

10. Staurolite. Anhedral ; little rounding. 

11. Zircon. A fractured, slightly rounded grain. 


Photographs 
I^ATK II 

No. 12 X. Unio. -i x 

No. 13 X. Unio. ■ Flattened variety ; right valve, X 

No. 14 X. Physa, the new variety. Natural size. 

No. 15 X. Paludina. IJ x 

No. 16 X. Bulimus, cf. page 124 1} X 


Fergusson College, 
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A STUDY OF DHARWAR ROCKS 

Occurriog Around Murgod in Belgaum District 

By 

L. V. Aoashe 

T he area studied is situated roughly between longitudes 74^ 50' 
and 75® 4' east, and latitudes 15° 49' and 15° 58' north. It is 
very easily approachable from Belgaum ; a two hours’ journey by 
motor-bus takes one to Murgod. 

Previous work dealing with the geology of this area is found principally 
in the work published by Foote (Memoir XII, G. S. I. part I). ^ Brief 
notes on the rocks in this area by Foote also appear in the Belgaum District 
Gazetteer and at several places in the G. S. I.’s publications. Casual 
references to rocks in the area have been made even prior to 
papers of Newbold, Christie, and others, and published in “The Geolo- 
gical Papers on Western India” edited by Carter. 

Rocks of the Dharwar group occur in the south-west and west in places' 
like Murgod, Rudrapur, Hosur and Bailhongal. They form a part of 
the main Dharwa^ band from which the whole system has received its 
name in Indian geology. Starting from the southern edge of the Deccan 
trap, this band runs southwards with a width varying from 10 to 16 miles, 
past Dharwar to the Tungabhadra river, where it spreads out and covers 
large areas in the Kodur and Shimoga districts of the Mysore State. 
Rocks under consideration, therefore, form a small part of the northern 
extremity of the main Dharwar band. 

The constituent rocks of the Dharwar band, from Murgod up to Dhar- 
war, are chiefly phyllites, argillites, variously coloured shales, and a 
few bands of ferruginous quartzites. Some epidiorites occur in the 
eastern parts of this band, in the neighbourhood of Murgod. (Probably 
these are the rocks referred to by Foote as contemporaneous traps), A 
few subordinate bands of calcareous rocks such as calc-actinolite-chloritc 
schist, banded marble, and chloritic banded marble also occur. 

Only a portion of the Dharwar band — ^the eastern part about 7 miles 
in width — ^is included in the area studied. The rocks observed may be 
arranged as follows in order of importance 

(i) Epidiorite, green-schist, and a few bands of calc'^actinolite* 
chlorite schist. 
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(a) Shale, argillite, and chlorite phyllite. 

(3) Banded haematite quartzite. 

(4) Marble and chloritic marble. 

A traverse across the remaining portion of the band in the western 
part showed that it is composed of shales, argillites, chloritic phyllites, 
and haematite quartzites, very similar to those described here. The 
relative proportion of the rocks shown by the list above only applies to 
the area studied, and the order will have to be modified if the whole 
width were taken into consideration. Rocks of group 2 will, then, top 
the list, and those of group i occupy the 2nd place. 

A summary of the lithological characters of rocks, and their descrip- 
tions are given below. 


I. The Epidiortte Group 

Rocks of this group occur chiefly in the neighbourhood of Murgod. 
The portion of the Dharwar band lying adjacent to its junction with 
granite gneiss, and about four miles and a half in width, is composed 
chiefly of rocks of this group. Small irregular patches are found further 
eastwards in the granite gneiss. The group includes the following 
varieties. 

a) Epidiorite. 

A) Green schist. 

c) Calc-actinolite-chlorite schist. 

The Epidiorites : — ^The epidiorites are dark or dark green in colour and 
have an aphanitic or a finegraia?;d directionless texture. 

Hornblende is the principal constituent of these rocks. It builds 
minute prisms and needles which are black macroscopically, and have a 
green colour in thin sections. It is strongly pleochroic in yellow, green, 
and dark brownish green colours. In addition to the compact variety 
just described, a fibrous green uralite is also present. It has a paler 
green colour and shows pleochroism from pale to deep green, or pale green 
to bluish green colours. The form of the uralite in several places suggests 
that it is a pseudomorph after pyroxene. In several sections the com- 
pact brownish green and the fibrous pale green varieties are closely asso- 
ciated or confusedly intermingled, so that in thin sections a single plate 
is found to be composed partly of the compact and partly of the fibrous 
variety. 

A little actinolite is occasionally present, but as a rule in very small 
amounts. 

A limc-plagioclasc is the principal variety but the composition varies 
considerably from oligoclase to labradorite. 01igoclase*^and intermedi- 
ate andesine are the commoner varieties. When it is sufficiently fresh, it 
shows polysynthetic twinning on the albite law. Almost everywhere it 
has weathered yielding epidote, zoisite, clay etc., and only a few fresh 
^ains are noticeable in a slice. The plagioclase has to some extent suf- 
fered saussuridsation, and a part of the epidotes has resulted by breaking 
up of the plagioclase under the conditions of stress. 
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In addition to the lime plagioclase a little albite occurs in some rocla. 
It forms colourless, clear, untwinned grains appearing like quartz in thin 
sections but distinguished by their bia^l figures. The albite has ob* 
viously resulted by breaking up of the lime-plagioclase. 

A little quartz is present in most of the rocks, and a small amount of 
biotite occurs in many. 

The iron ore is chiefly ilmenite. It is in places little altered, and gener- 
ally it has changed to a secondary granular sphene (leucoxene) which 
forms a layer around ilmenite. J^rites and magnetite are also found 
occasionally, but are usually subordinate to ilmenite. 

Nomenclature : — ^An epidiorite is defined as a doleritic or basaltic rock 
in which the augite has suffered alteration to hornblende, so that the 
rock approaches the composition of a diorite. It is distinguished from 
diabase by the less extreme alteration of the felspars {cf. Holmes — ^Nomen- 
clature of petrology). The compact or fine textured varieties without 
foliation have been termed epidiorites. Some of these have a dark green 
colour in handspecimens, and may also be termed greenstones. 

In the earlier stages of dynamothermal metamorphism of basic igneous 
rocks it is common to find that a number of minerological changes take 
place at the first onset of pressure before new structures are imposed. 
At the next stage directed pressure breaks down the original structures, 
and new parallel structures are set up. Often the distribution of pres- 
sure is not quite uniform, and it is a fairly common phenomenon to find 
foliated and unfoliated varieties in close association. 

The bulk of the epidiorites have a compact directionless structure but 
in a few places they pass into varieties with a faint or a distinct foliation; 
such varieties have been termed green schists. 

The Green schists : — ^The green schists differ but little from the epidior- 
ites in mineral composition. A compact green hornblende is their chief 
constituent. The other minerals — ^lime-plagioclase, epidotes, iron ores, 
sphene, quartz, and occasionally a little untwinned water-clear albite — 
are identical with those in the epidiorites described above. Fibrous 
uralitic amphibole is also occasionally present. 

The green schists differ from epidiorites only in having a faint or a 
distinct schistosity, and their texture is occasionally a bit coarser. Such 
schistose rocks, however, do not possess any large dimensions. They 
form only small bands interbedded with the epidiorite, or patches and 
lenses grading into it. It is often found that the bulk of a band of a 
massive epidiorite encloses small patches which have assumed the charac- 
ters of a green schist. 

Under the conditions of dynamothermal metamewrphism the pyroxene 
in basic rocks is changed to amphibole ; the lime-imgioclase breaks up 
into albite and epidotes and other lime-silicates. Typical hornblende 
schists thus resulting are composed principally of hornblende with bladed 
and fibrous fori^s, exhibiting in thin sections various shades of green. 
The albite appears in bands entirely composed of a mosaic of untwinned 
water-clear granules resembling quartz. Epidotes and sphene are 
usually present, and some quartz may also occur. 
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^ Such typical schists do not occur ; the lime-plagioclase is chiefly pre- 
sent^ and water-clear untwinned albite is absent or occurs in traces. 
It appears that the green schists and epidiorites represent original basic 
roclu which have been modified slightly by dynamothermal meta- 
morphism. The pyroxene has been changed to hornblende and uralite; 
some leucoxene and sphene have been formed from the titaniferous ore. 
The bulk of the rock remained massive i,e,, without a banded structure. 
But locally where the pressure has been a bit more severe a schistose 
structure ms developed. The lime-plagioclase has not, however, been 
broken down completely into albite and epidotes. 

Doleritic rocks which have been modified by orogenic forces in which 
the lime-soda-felspar is little altered, the augite has been converted into 
hornblende, ilmenite, and titaniferous ore into sphene and rutile, and 
which have more or less distinct schistosity, have been termed schistose 
amphibolites by Rosenbusch. 

The rocks termed green schists, here, belong to the category of “schis- 
tose amphibolites” referred to above, and rocks of this type have also 
been termed ‘^schistose epidiorites” or “diabase schists.” 

Calc^actinolite^chlorite schist : — few bands composed of chlorite, actin- 
olite, and calcite are interbedded with the epidiorites and schists men- 
tioned above. The rocks are dark green or green coloured, and have 
a texture varying between compact and finegrained. They usually 
possess a distinct schistose structure ; but varieties with a faint or no 
foliation also occur. 

In addition to the three principal constituents mentioned above the 
rocks contain varying but usually small amounts of quartz, epidote, 
zoisite, hornblende, ilmenite, leucCOtene, pyrites, and magnetite. 

The calcite in these rocks occasionally tends to collect into lenticlcs 
and streaks which are distributed either parallel to the banding or in an 
irregular manner. The material composing these patches and lenticles 
has a saccharoidal texture, and in hand-specimens or in thin sections 
closely resembles marbles. 


a. The Argillite Group 

Rocks of this group occur chiefly in the tract between Hosiu and 
Bailhongal. A few beds are also found interbedded with epidiorites at 
Murgod. They are the principal variety found in the western portion 
of the Dharwar band. 

The common rock type is a finely laminated shale with either a pure 
white or a gt’ey colour, or coloured variously — ^yellow, brown, or purple — 
by ferruginous matter. 

The rocks are composed chiefly of the material of clay grade. Owing 
to their extremely finegrained character it is very difficult to identify 
with certainty all of the constituent minerals. 

A microscopic examination shows that the rocks consist, to a consider- 
able TOrtion, of an extremely fine textured mixture of chloride scales, 
weathered turbid grains presumably of felspar, and ^anulesof quartz. In 
the ferruginous varieties the turbid granules are stained red by limonite. 
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By washing the powdered rock and separating with the aid of bromoform^ 
tourmaline^ zircon, and pyrites were the accessories obtained. 

Some of the clay rocks are not so clearly laminated, and are more com- 
pact ; they have been termed argillites. In the field all gradations are 
found to exist between shales and argillites, and chloritic phyllites. 

The phyllites are finegrained lustrous schistose rocks composed of finely 
divided quartz and abundant sericitic and chloritic material, and it is 
the two latter that control the foliation of the rocks. Tourmaline is a 
conunon accessory constitutent of some of the phyllites. A little car- 
bonaceous matter occurs in several others. 

3. Banded HABMATrrE-QjoARTZiTEs 

These are quite unimportant ; only a few bands occur in the neigh- 
bourhood of Bailhongal forming conspicuous ridges among the softer 
chlorite-phyllites, argillites, and shales. As observed by Foote “They 
are poor in iron, and but rarely show much of the red staining, though 
frequently jaspideous in texture.** 

The rocks are composed of micro-and crypto-crystalline silica, and 
very fine granular ferruginous matter, haematite in fresh and limonite 
in weathered specimens. Portions rich in silica alternate with those 
rich in ferruginous matter producing parallel bands. The individual 
bands are as a rule thin, seldom exceeding one or two cms. in width. 
The bands run fairly straight or are slightly wavy, and only rarely con- 
torted. Ferruginous portions are dark brown or deep reddish brown, 
and siliceous portions white, grey, bluish, pale brown, or yellowish 
in colour. The accessories occasionally observed are tourmaline and 
zircon ; no actinolite or cummingtonite etc., were noticed in any of the 
specimens examined. 

4. Marbles and Chloritic Marbles 

These form only a few narrow bands interbedded with the phyllite 
or epidiorites. The exposures are so few, and mosti 4 [||bK bands so narrow 
in width that they are likely to escape notice altogether. 

Beds of crystalline limestones were noticed at two localities only, in the 
Hire Budnur nullah and near Bailhongal. A band was also noticed in 
a nullah near Sanikop, just outside the area studied. 

Two types of crystalline limestone occur, (i) Cleaved marble 
consisting chiefly of calcite, and containing subordinate amounts of 
quartz, muscovite, chlorite, zircon, apatite, and tourmaline. The rock 
is distinctly banded. (2) Chloritic marble composed chiefly of calcite, 
chlorite, quartz, and accessories like pyrites, tourmaline, and zircon. 
This variety is also distinctly banded, the banding being made still more 
conspicuous by the parallel grouping of chlorite fhikes. 

Structure : — The longer directions of calcite grains are more or less 
parallel, and the disposition of the chloritic and micaceous flakes, and the 
distribution of quartz grains in streaks emphasize the banded character. 
The rock resembles the “Gestreckter Koerniger Kalk** described by 
Rosenbusch (page 556). 
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CSfaemical and micro-chemical tests show that the rock is composed 
entirely of calcite, and that no dolomite is present. The whole of the 
calcareous material was stained deep blue when Heeger ’s test was carried 
out. 


Field Relations 

The portion of the Dharwar band studied is bound on the south-east 
by a massive granite^nebs which is composed chiefly of quartz, oligo- 
clase, microcline, biotite and hornblende. An inlier of this gneiss 
also occurs east of Murgod near Katharigad. The Dharwars and the 
granite-gnebs are traversed by numerous acid intrusions such as quartz 
veins, pegmatites, and small granitic intrusions. 

The granite-gnebs is also intruded by dolerite dykes. 

All these are covered by Kaladgi sediments which occur in the east 
and north-east of the Dharwar band described above. 

Deccan trap is the youngest formation in the area. A portion rests 
on the Kaladgis in the north-east, and its major part covers the Dharwars 
in the north and north-west. 

As regards the relation of Dharwars with the granite-gneiss, here, 
something more need be said. 

Till comparatively recent times the Dharwars were considered to be 
younger than the associated Reisses and gnebsose granites, and the 
latter were, in part at least, believed to represent the first-form^ crust of 
the earth. But observation during the last forty years has shown that 
there are few, if any, rocks which can be regarded as decidedly older than 
the Dharwars, and that so far as at least Southern India is concerned, 
the Dharwars are the older rocks and the associated gneissic rocks are 
younger, and wherever suitable exposures are available the latter exhibit 
distinct intrusive relationship with the Dharwars. 

Turning to the area under consideration it remains to be seen whether 
any evidences showing a similar relationship are available. Under 
ideal conditions one would look for evidence of the following character 
to show that a certain rock mass is intrusive : — 

1) Elongation of the intrusive mass (bathylith) parallel to the tec- 
tonic axis of the adjacent rocks, and the bathylith itself or its 
offshoots cutting across the invaded rocks. 

2) Evidences that the mass of the bathylith has absorbed or assimi- 
lated the invaded formation. 

3) Pegmatitic bodies belonging to the same series as the main intru- 
sive body intruding the adjoining rocks and producing pneumato- 
litic changes in them. 

The area studied and mapped being so small it would not be possible 
to prove that the granite-gneiss forms a batholith intruding the Dharwars. 
No i^markable minerological changes were observed in any of the epi- 
diorites and schbtose epidiorites, either from portion adjacent to the 
granite-gnebs or from patches resting over or enclosed by it, and no satis- 
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fiu:tory evidences proving the assimilation by the granite-gneiss were 
noticed. 

There is some evidence showing the intrusive nature of the granite* 
gneiss, viz.y the presence of a large number of granitic and pcgmatitic 
intrusions into the Dharwars. These occur chiefly in the form of veins 
which traverse the intruded rocks irregularly. The veins are small in 
size ; their thickness hardly exceeds a foot or two, and they can be traced 
for short distances only, at the most a hundred feet. The rocks also occur 
as dykes and sheets of a comparatively small size, rarely exceeding ten 
ft. in width and fifty yds. in length. 

A number of these intrusions are found crossing the granite-gneiss, 
and they also abound in the eastern parts of the Dharwar band, t.r., 
in the portion adjacent to the granite-gneiss. Excellent exposiues 
are available in the Chilar nullah, about a mile west of Murgod. More 
than a hundred of them can be counted in that locality. 

Granitic and pegmatitic intrusions were not found in the western 
portion of the part of the Dharwar band considered here. They are 
confined to the eastern parts of the Dharwars, about four miles and a half 
in width t.^., within a distance of nearly four and a half miles from the 
junction of the Dharwar and the granite-gneiss. 

The largest of the granitic intrusions observed occurs in the Chilar 
nullah mentioned above; it occurs as a sheet in the Dharwars running 

E arallel to their strike for a little over a furlong ; the width is about fifty 
let. There is a close parallelism in mineral composition between such 
granitic intrusions and the granite-gneiss. 

The acid intrusions, like the granite gneiss, have been affected by stress, 
and exhibit cataclastic phenomena though to a lesser degree. 


Field Structures 

The rocks occur in the form of distinct beds, and all, except the marbles, 
continue for long distances, and maintain a fairly uniform thickness. 
Probably the same remarks apply in the case of marbles, but owing to 
their small size and the presence of thick soil in these parts, which obscures 
the underlying rocks, they could be traced for short distances only. 

For the convenience of description only the Dharwars have been 
divided into different lithological groups. They form, however, a con- 
formable series, and no break is perceptible between the different mem- 
bers. 

The rocks have been folded, and the structure is mainly synclinal. 
There is a subsidiary fold, a local anticline, just west of Bailhongal. 
The axis of folding runs in a N. by W. direction in this area. (The trend 
changes slightly when the band is traced southward into Dharwar district 
and Mysore territory). The beds usually show high dips, and in places 
they have become vertical. 

In the north *the Dharwars disappear under the Kaladgis and the 
Deccan trap, both of which rest over them unconforxnably. In the east 
they are bounded by a granite gneiss. 
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Tkb Kjnd^ Oegrbe, and Source of Metamorphibm 

The synclinal structure of the Dharwars and their high dips are 
obviously connected with the orogenic earth-movement which affected 
the Peninsula at the close of the Dharwar era. Not only have the rocks 
been folded but several metamorphic changes have also been produced 
in them. An examination of the lithological characters of the rocks 
shows, however, that the metamorphic changes have not been very 
severe, but are of comparatively low grade. 

The principal constituents of rocks of the epidiorite group are horn- 
blende, uralite, actinolite, epidote, zoisite, c^uartz, calcite, and plagio- 
clase. The plagioclase is chiefly lime-plagioclase, but a little water- 
clear untwinned albite is also present. 

Calcite is the principal constituent of the crystalline limestones ; 
calcite, quartz, and chlorite make up the bulk of the chloritic marbles. 

In the banded ferruginous quartzites the iron ore is haematite, and 
none of the specimens examined contained amphiboles like actinolite or 
cummingtonite. 

Majority of the minerals mentioned above are characteristic of a low 
grade of metamorphism, and belong to rocks of epizone of Grubenmann. 

Of the remaining rocks chloritic phyllites alone can strictly be referred 
to the metamorphic division. The shales and argillites have been more 
or less compacted, and some sericitic and chloritic material must have 
developed in them imder the influence of stress ; but they do not show 
signs of any pronounced alteration, and would normally not be classed 
with metamorphic rocks at all, unless the term metamorphism is used in 
a very wide sense. At the most they may be regarded as showing the 
lowest degree of dynamic metamorphism. 

The chloritic phyllites are made up of finely divided quartz, sericitic 
and chloritic material indicating obviously the rocks of epizone. 

The highest degree of metamorphism attained by rocks in this area 
is to be observed in the epudiorites and green-schists. These are com- 
posed mainly of amphiboles like hornblende, uralite, actinolite, and 
subordinate amounts of epidotes, quartz, lime-plagioclase, albite, iron- 
ores, and sphene. 

It is well known that the characteristic transformation of pyroxenes 
in simple, i.^., low grade dynamic metamorphism is not uralitisation 
but cUoritisation, and minerals life hornblende and biotite also break 
down yielding chlorite. The epidiorites and green schists obviously 
indicate a slightly higher degree of metamorphism than the associated 
chloritic rocks. But their lithological characters show that they also 
belong to the epizone, and indicate, on the whole, a low grade of meta- 
morphism. They are to be regarded as cataclas;tic igneous rocks showing 
only the initial stages of dynamothcrmal metamorphism. 

To sum up, the rocks forming the Dharwar band in this part show 
only a low grade of metamorphism in which the stress has been the chief 
factor. As a result of stress parallel structures have been set up in rocks 
like the banded marbles, phyllites, and green schists. Ther^ Has been a 
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little compacting of the clay rocks into argillites. Obviously a certain 
amount of recrystallisation and new mineral formation has taken plaoCi 
such as the production of amphibole, sphene^ epidote etc. in epidiorsteSi 
sericitic and cloritic material in phyllites. But the mineral assemblage 
on the whole indicates a low ^ade of metamorphism, mostly that of the 
epizone. At the most the epidiorites and green schists which are com- 
posed of, essentially, hornblende, and not chlorite, may belong to the very 
early stages in the mesozone. 

A considerable portion of the land consisting of the argillites and shales 
shows little metamorphic alteration. 

Origin 

The Argillite group : — Argillites and shales form a prominent portion 
of this group. An examination of fifteen specimens of these rocks shows 
that they diner little from sedimentary argillaceous rocks in mineral com- 
position. Heavy residues obtained by washing the powdered rock did 
not exhibit any minerals that would suggest that the rocks had attained 
any high grade of metamorphism, or that they are the products of wea- 
thering of some highly metamorphosed rocks. In their bedding and 
lamination they are identical with ordinary mudstones and shales, and 
the rocks are obviously ordinary argillaceous sediments. They have 
little altered, and there is nothing to show that their alteration went 
beyond hardening these rocks a little, and converting them into argillites. 
The lithological characters of the associated chloritic phyllites show that 
they have resulted from i ocks of argillaceous composition. 

Hamatite-quartzites : — Nothing is to be added regarding the origin of 
the banded haematite -quartzites except that they are now generally 
regarded to be of sedimentary origin, though the exact mode of sedi- 
mentation is not yet fully understood (Presidential addresses, Ind. Sc. 
Congress 1935 and 1936). 

Crystalline limestones : — All the crystalline limestones are banded, and 
their banding corresponds with the banding of the adjacent rocks. It is 
obvious that they were calcareous in composition prior to the alteration 
of the Dharwar rocks by orogenic forces. They might have been either 
calcareous sediments or material of metasomatic replacement before their 
being modified by stress. However, here, there is no doubt about their 
being originally limestone beds of ordinary sedimentary type, for the rea- 
sons given below : — 

(1) They occur as distinct beds sharply marked off from rocks with 
which they are interbedded, and do not occur as irregular patches and 
lenses ; nor do they show any intermediate stages of alteration and 
gradation into the adjacent rocks. 

(2) They maintain their thickness, and have a fairly uniform com- 
position as far as they could be traced. (In the Hira Hullah, a nullah 
S. W. of Chik-Budnur, a bed nearly 125 ft. thick could be traced for 2^ 
furlongs till it disappeared under the soil). 

4 

(3) They contain accessories like zircon and tourmaline which are 
absent in the epidiorites with which they are interbedded. 
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Hence the rocks could not have resulted by replacement of the a^a- 
cent rocks, but detrital material must have been present in the original 
rock* 

Epi£&rites : — ^The mineral composition of the rocks clearly shows that 
they have been derived from basic igneous rocks, lavas and sills, xmder 
the conditions of dynamic metamorphism. While the bulk of the rocks 
is composed of massive epidiorites, more or less schistose varieties have 
been produced when the stress happened to be a little more rigorous. 

“ The calc-actinolite-Chlorite schists, which contain quartz, epidote 
and some hornblende also, obviously represent material derived from 
the waste of basic igneous rocks containing detntal quartz, or weathered 
basic rocks and their tuffs. 

Chemical Criteria 

Inferences regarding the origin of the Dharwar rocks, stated in the 
preceding paragraphs, have been drawn mainly from the mineral com- 
position, the structure, and the field characters of the rocks. These in- 
ferences are in general corroborated by their chemical characters. 

A summary of the chemical criteria applied in determining the origin 
of the metamorphic rocks has been given by Holmes in his “Petrographic 
methods and calculations.” The criteria are : — (i) The proportion of 
the residual alumina, or the corundum of the norm ; (2) The relative 
proportions of potash and soda ; (3) The relative proportions of lime 
and magnesia ; and (4) The amount of residual silica or quartz of the 
norm. 

Excess of alumina, potash exceeding soda, magnesia more than lime, 
and very great excess of quartz of the norm favotir the derivation of a 
metamorphic rock from detrital sediment. 

Attention may now be turned to the argillaceous group first. Results 
of quantitative chemical analyses of two typical and fresh specimens 
from the area, are given in table No. i. An inspection of their chemical 
composition shows that the rocks are characterised by a very great excess 
of alumina, and by abundance of silica. Potash much exceeds soda. 
The rocks are on the whole poor in lime and magnesia ; the lime and 
magnesia either equal in amount or the lime slightly exceeds the mag- 
nesia. That means three out of the four criteria favour the sedimentary 
origin. 

The amounts required to satisfy the ratio of alumina to soda, potash, 
and lime, in the rocks, is 5 . 1 1 in the shale and 4 . 99 in the phyllitc, while 
the residual alumina or the corundum of the norm amounts to 17.34 
and 5.81 respectively. The amount of potash in both the rocks exceeds 
that of soda by 3 .4 in the shale, and 2 . i an phyllite. Lime in both the 
cases exceeds ^e magnesia by 0.42 in shale and o.oi in phyllite. A cal- 
culation of the norm shows that the shale contains 49.62% of quartz and 
the phyllitc 61 .44%. 

The characters have been summarised in table No. 2. 

There is no difficulty in connection with the parentage of the banded 
marbles. They are made up chiefly of calcite, the amounts of the norm 



j6tmMAL THft intiveMmf' oir MittxV 


136 

in the two specimens analysed being 73.9 and 45.7%. Their cal- 
careous nature,' combined with dieir structure and field characters, 
shows that they have been derived from calcareous sediments. Their 
ch «^Tn»<*-al composition is given in table No. 3. 

The chemical criteria &vour the derivation of green schists from basic 
igneous rocb. The specimen analysed shows a considerable excess of 
lim»» over magnesia, and of soda over potash (CaO 12 . 16% ; 

4.62% ; excess of CaO 7.54) ; (Na 20 1.48% ; K2O 0.25% ; excess 
of Na 20 1.23). The quartz of the norm anmimts to 4.^8 % only. 
There is no corundum in the norm. The chemical composition and the 
norm of the rock is given in table No. 4. 


Table I 
Chemical Analyses 


Rook 

Shale 

Phyllite 

Ri 02 

-65.66 

77.46 

AI 2 O 3 

22.46 

10.80 

Fe203 

3.90 

3.92 

FeO 

Trace 

0.23 

MgO 

0.13 

0.62 

CaO 

0.66 

0.63 

Na 20 

0.18 

0.63 

K 2 O 

3.68 

2.73 

H 2 O 

4.13 

2.10 

Carbonaoeous matter 

nil. 

1.43 

Total 

100.47 

100.35 


Table II 


Chemical Characters 

Shale 

Phyllite 

Excess of K 2 0 over Na 2 0 . . 

3.4 

(3.68-0.18) 

2.1 

(2.73—0.63) 

Excess of CaO over MgO 

0.42 

(0.65—0.13) 

0.01 

(0.63—0.62) 

Combined Alumina 

6.11 

4.90 

Corundum of norm 

17.34 

6.81 

QuartiB of norm 

49.62 

61.44 
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Table III 


Chemical Analyses 


Rock 

Banded Marble 

Chloritic Banded Marble 

Si02 

13.62 

33.80 

AI 2 O 3 

6.84 

8.68 

*Fe 203 

0.20 

4.20 

CaO 

43.39 

29.21 

MgO 

2.01 

1.97 

COjj 

32.42 

20.13 

H 2 O 

1.82 

2.28 

Total 

100.20 

100.17 


* Total iron determined as Fe 203 . 


Table IV 
Green schist 


Chemical Composition 

Norm 

Si02 

48.73 

Orthoclase 

1.67 

AI 2 OS 

21.10 

Albite 

12.68 

Fe 203 

2.08 

Anorthite 

60.04 

FeO 

7.23 

Diopside 

8.63 

BigO 

4.62 

Hypersthene 

15.70 

CaO 

12.16 

Ilmenite 

3.66 

Na20 

1.48 

Magnetite 

3.02 

K 2 O 

0.26 

Quarts 

4.38 

Ti02 

1.92 

Water 

0.91 

H 2 O 

0.91 



Total 

mam 

I Total 

100 68 


Fbrousson Gollbob, 
Poona 
■26 


















NOTES AND NEWS 


A Dias^nosis of the Present Situation 


T he present conflict in the world and the consequent dire threat 
to civilization arc due to fundamental maladjustments which arise 
from a lack of perception of the true values of life. The present 
menace to society is due to a lop-sided development of human nature. 
Man's ethical and spiritual progress has not gone on side by side with his 
intellectual progress. The sciences of life have not made asrapid a progress 
as those of* matter. The present troubles are due to our ignorance of man 
as a whole. We have laid undue emphasis on bread and butter studies, 
on economics and politics and on physical sciences and ignored biological 
and sociological sciences, and psychological and cultural studies, with 
the result that our present civilization has become commercial and shows 
many ugly and vulgar characteristics. First things arc not put first as 
they should be put in the proper ordering of society. 

The present age is a mind-dominated age, in which the lower, concrete 
mind has become the ruler in man, and the spirit is practically dethroned 
from the constitution of man, who is supposed to be primarily body and 
mind, or rather body and brain. 

Now the characteristics of the lower concrete mind are self-interest, 
grabbing for oneself, demanding of rights, separativeness, exclusiveness, 
intolerance, impatience with the weakness of others, domination, exploi- 
tation, profiteering, aggressiveness, use of force, etc. Politicians, states- 
men, administrators, educationists, industrialists, and people in general 
have based their policies and their conduct on this wrong and incomplete 
concept of man, with the logical consequence that we have competition 
and wars. Tlie present civilization has, more or less, turned out to be a 
failure. Two terrible world wars during a short space of twenty-five 
yeais with all their implications arc the best proofs of it, if any proof 
is needed. Modern civilization has grown up at random without due 
consideration of the true nature of man. It has not been built up with 
due consideration to the best interests of humanity. 

Modem civilisation is characterized by hurry, rush, bustle, noise, 
stress and strain. In it few men have time to think on the deeper prob- 
lems of life. It has made man more superficial than deep. In it man 
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has sunk into indifference to almost everything except money. If the 
development of human personality is the ultimate goal of our civilization, 
then so far it has failed, for it has created an environment which is not 
suitable to the growth and development of the finer qualities of man. 
^'Modern business organization and mass production arc incompatible 
with the full development of the human self,’* says Dr. Alexis Carrel, the 
Nobel Prizeman, in his famous book ''Man the Unknown^ He further 
says : ‘‘Modern civilization has brought about “complete destruction of 
our ancestral qualities by the idleness, corruption and softness of life.** 
Modern civilization has made everything easy for most of us and we 
wish to have maximum of pleasure with the minimum of effort ; it has 
made us more or less effeminate. “Nervous disorders, intellectual 
weakness and mental deterioration have become more frequent” (Alexis 
Carrel). Modern Civilization “seems to be incapable of produci^ 
people endowed with imagination, intelligence and courage. There is, 
in practically every country, a decrease in the intellectual and moral 
calibre of those who are responsible for public affairs and administration. 
Modern civilization has failed in developing men of sufficient intelli- 
gence and audacity to guide it along the dangerous road on which it is 
stumbling” (Alexis Carrel, "Man the Unknown"), 

It is high time that the Universities of the world and of our country 
in particular should so orient themselves as to be in a position to supply 
expert physicians whose duty would be to correctly diagnose the malady 
from which humanity is suffering at present and suggest adequate re- 
medies for the cure of the same. 


D. D. Kanga 


CORRECTIONS 

In the November 1942 issue of this Journal, Vol. XI, Part 3, on : — 

Page 114 ; The formulae printed should be taken on page 117 and 
lead in connection with the paper on the reduction of— 
CH(OH) CCI3 group. 

Page 117 : The formulae printed should be on page 114 and read 
along with the “Aluminium Chloride, a new . . . .etc.” 
paper. 
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^ JOVnSAt OF tHB VMVSRSnV OP BOMBAV 

Professor of Agriculture which post the author held throughout the full 
period of investigation. He was assisted by Messrs P. S. Pandya and N.R. 
Bhat during the first two years of the work and by the junior author till 
it was completed. The authors therefore take this opportunity to 
press their thanks to them. 

INTRODUCTION 

Results of every decennial census reveal a steady increase of population 
which has to be maintained on the limited amount of land available in 
the country. To relieve such a situation to a perceptible extent, it is 
essential that the productive capacity of land should rise to a substan- 
tially higher level. Out of the various means of increasing soil produc- 
tivity, according to ScienHfic Ammcan^ Supplement No. 2245, dated the 
I ith January 1919 (page 26), the most important gain is attained by the 
direct addition of fertilisers to the soil. Although land possesses a large 
store of plantfoods, the amount which can be available to plants from 
time to time has been reduced by continuous cropping over centuries 
without their adequate addition for what maximum possible crops 
would demand. It must be borne in mind that other methods of increas- 
ing the yield such as better tillage and adoption of heavier yielding 
strains of seed are likely to deplete the soil fertility in course of time by 
the larger quantity of plantfoods which would be removed by tlie increased 
yields. Therefore even with the adoption of other means of increas- 
ing agricultural production, a judicious and extended use of manures 
has long been recognised in the cultural practices of all the civilised coun- 
tries of the world and scientific investigations are in rapid progress in 
this direction. 


Low PaoDucnviTy of Indian Soils 

Mollison (1900) accepted it as certain that under the exbting condi- 
tions a great deal of land under cultivation in the Bombay Presidency 
and especially in the Deccan is undergoing a slow system of exhaustion. 
Norris R. V. (1920) after a study of the present conditions of Indian soils 
and the crop yields obtained therefrom remarked that the results of in- 
vestigations have tended on all sides to demonstrate that a very serious 
impoverishment of these spils is taking place and that energetic steps are 
necessary to remedy such a state of affidrs. The Review of Agricultural 
Operations in India for 1925 — 26 expressed that though much of the land 
in India is naturally fertile, the soil over large areas has been impov- 
erished as a result of its being cropped year after year without manure. 
The Review of Agricultural Operations in India for 1927 — 28 further 
observes “were it not for the recuperative effects of natural processes in 
the soil which are fortunately well pronounced in the tropical and sub- 
tropical regions, Indian soils would not be producing even the compa- 
ratively pqpr crops they arc doing today.** 

That the productivity of Indian soils is lower than that of some other 
countries is shown by (he informatbn in Table 1 extracted from Com- 
mercial India (i93i). 
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Table I 

TiiU per acre in pounds of some of the staple crops in different countries 


Name ol the 
crop 

India 

Japan 

Egypt 

Great 

Britain 

Canada 

U.S.A. 

Wheat 

605 

1526 

1530 

2202 

1246 

, , 

Rice 

1295 

3040 

2783 


. . 

. . 

Cotton (lint) 

87 

181 

371 

• • 

** 

158 

Sngar-oane 
(white sugar) 

2400 


3378 

(Java) 

11088 

(Hawaii) 

18799 

•• 


It is needless further to labour the point that the manurial require- 
ments of Indian agriculture should receive careful attention of every one 
concerned with agriculture. 


iNADEQyAGY OF INDIAN MANURES AND NeGESSITY OF 
iNVEsnoAHNo New Ones 

According to the Review of Agricultural Operations in India for 
1 926 — 27, ‘‘the average quantity of nitrogen used per acre by all the crops 
grown in India is probably somewhere in the neighbourhood of 25 
pounds.” “On this basis/’ the Review continues, “257 million acres crop- 
ped in India would require approximately 6,425,000,000 lbs. of nitrogen.” 
Hie total output of cattle dung would only amount to 2,175 niillion 
pounds nitrogen calculated on the basis of 18 pounds nitrogen per adult 
head and 4^^ pounds nitrogen per head of young stock for their number 
during the year 1930—31 in Britisli India. It may be estimated that 
oiJier natural sources su^ as cattle mine, night soil, sheep and goat ex- 
creta, oil cakes, fish manure, bones and other waste products of agriculture 
such as stalks, groundnut and rice husk, sugarcane trash and weeds could 
only add 2,850 million pounds of nitrogen. It is, however, to be noted 
that even ail the above available resources of manures are not judiciously 
made use of. A very large proportion of cattle dung obtainable is uwd 
as fuel. As estimated by the alx>ve referred to Review, something like 
1,600 million pounds of nitrogen is lost in the wasteful practice of burning 
cattle dung as fuel which cannot be prevented imless the ryots could be 
provided with an equally good and cheap fuel under the existing con- 
ditions. Appreciabk amount of nitrogen is lost in the process of con- 
verting dung into manure. Cattle urine is practically all wasted. The 
use of night soil and poudrette is yet only restricted to the vicinity of a few 
large cities and, on account of prejudice*, has not been taken up to any 
perceptible extent in rural areas. According to the above Review of 
Agricultural Operations in India, “if the export of oil-seeds and oil-cakes 
were to be prohibited and if all the oil-seeds were to be crushed and the 
oil-cakes derived therefrom used as manure, the total quantity of nitro- 
gen available from that source would be about no million pounds only 
or 1 . 7 percent approximately of the total quantity required to produce 
normal crops/’ 
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It will thus be realised that the deficiency even in the ordinary znanu- 
rial requirements of India is so large that new sources of manures have 
got to be investigated. The scope for growing green manure crops is 
but very little on account of short seasons of rainfall. Artificial fertilisers 
can therefore be counted as a promising source. This class of manures 
hpis some advantages over the bulky manures on accoimt of easy and 
quick availability to the crop, concentrated nature and consequent easy 
and cheap portability and the possibility of their manufacture to any 
required extent. 


The Scope of ARTmciAL Fertilisers 

The utility of artificial fertilisers was first established at Rothamsted 
about go years ago and since that time the scientific and commercial 
aspects of the fertiliser industry are rapidly developing. 

The local agricultural conditions in India set some limitations on 
their use. According to Viswa Nath (1932) the average carbon con- 
tent of Indian soils is 0.6 percent while it ought to be at least 1 percent 
in order that all the nitrogen content of such soils can be effective. This 
indicates beyond doubt the necessity of increasing the supply of organic 
matter to the Indian soils which can only be accomplished by the addi- 
tion of some form of carbonaceous substances. “For the soils tested,” 
he continues, “neither chemical fertilisers nor organic manures are ade- 
quate and it is only by the combination of both that the best results are 
obtained, organic manures assisting the assimilation of chemical ferti- 
lisers.” Kleberger (1926) also reports similar results for European soils. 

Besides the comparatively low content of organic matter in Indian soils, 
other conditions such as deficiency of water supply, insufficient content of 
potash and phosphoric acid in some soils which do not consequently 
respond to the addition of fertilisers, absence of sufficient margin of profit 
due to heavy initial cost of fertilisers and transport charges to distant 
interior places, are others of limiting factors. 

There is ample evidence to show that the addition of fertilisers is capa- 
ablc of increasing the yields where the above limitations do not exist or 
can be overcome. 

Artotcial Fertilisers for Indian Soils 

It is a common knowledge now that out of the several elements re- 
moved by plants from soil, nitrogen, phosphorous, potassium and lime 
arc generally the ones which require special addition on the part of man 
because (i) they are removed in comparatively large amounts from the 
soil by the crops andthe deficiency thus brought inhibits plant growth 
and (2) they are more likely to be run short by other avenues of loss than 
by plants. ^ 

The methods of soil analysis so far known can only indicate the total 
quantities ofithese elements of plant food and whether they are generally 
sufficient or deficient; but the analytical methods have not yet developed 
to the extent to say what proportion of plant foods present in the soil are 
in a form available to various plants. 
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Importance of Nitrogenous Fertilisers 

Of the three or four elements of plant-food^ the most limiting one is 
most often nitrogen. The supply of available nitrogen in the soil deter- 
mines largely the extent of the plant growth and the ability of the crop 
to avail itself of the other elements. The well-known fact established by 
innumerable investigations in all the parts of the world that nitrogen is 
subject to substantial losses from soils by leaching and volatilisation, per- 
haps more so than any other element, is a further reason for comparatively 
higher importance of nitrogen. In India with an average nitrogen con- 
tent of 0.05 percent (Vishwa Nath 1932) as against o. i percent of rich 
soils (Sahasrabudhdhe 1929), the question of nitrogen deficiency becomes 
all the more emphasised. 

It is the realisation of this unique and unquestionable importance of 
nitrogen to Indian agriculture that has been the genesis of the investi- 
gation reported in this publication. 


Present Position of Nitrogenous Fertilisers in India 

“Up till 1924, India had neglected to make use of the new economic 
sources of nitrogen,” remarks the Fertiliser, Feeding-stuffs and Farm 
supplies Journal, London 1930. “That year India mnufactured 12,000 
tons of ammonium sulphate as a bye-product of steel and other works, 
but exported it mainly to Java where this fertiliser contributed to the pro- 
duction of cheap sugar which imported into India, entered into compe- 
tition with the home grown sugar obtained by less scientific methods.” 
Fortunately the position has changed since then and the use of artificial 
fertilisers has steadily extended during the last few years, till, princi- 
pally due to the general economic depression, it received a setback in 
1930. This will be clear from the figures in Table II reproduced from 
the Review of Agricultural Operations in India for 1929 — 30 and 1 930-3 1 . 


Table II 

Qiiantities (in tons) of different kinds of riitrogenous fertilisers consumed in 
India from ig26 to iggo 


Namo of the 1 

fertiliser 

1 

1926 

i 

1 

1927 

1928 

1920 

1930 

Sulphate of ammonia 

12935 

13610 

33065 

40940 

31190 

Nitrate of soda 

0070 

7458 

8840 

11722 

4329 

Ammonium phosphate tyjies 

3181 

1 

4939 

3657 

3090 

2S74 


Even the largest quantity used is only an insignificant fraction of the 
huge requirements (page 3) of the vast areas of agricultural land in 
India. 
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Manurial Problem of the Dbqqan 

The manurial problem of the Deccan is not much different from that 
of the whole of India just discussed. On the contrary it is here more 
intensified. According to the Statistical Atlas of the Bombay Presidency 
1925, Deccan, next to Sind, has the largest proportion of canal irrigated 
lands in the Bombay Presidency which grows several important money 
crops for which practically the whole supply of locally available farm- 
yard manure is used up and people have been well disposed towards 
the use of concentrated manures including artificial fertilisers. The dry 
crops on account of their vast areas have hardly a cartload of farmyard' 
manure to their share annually per acre and the rainfall conditions are 
not favourable for growing green manure crops. It was therefore 
thought desirable to investigate whether artificial fertilisers can be useful 
under these circiunstances. 

Object of This Investioation 

The foregoing considerations have led to the adoption of the object of 
the investigation to be to study the effect of the commonly available 
nitrogenous fertilisers on the staple crops of the Deccan. 

Review of the Previous Fertiliser Experiments in the Deccan 

Increasing use of artificial fertilisers in the Western countries led the 
Department of Agriculture of the Bombay Presidency to take up some 
experiments on artificial fertilisers since early in this century. But the 
experimental technique had not then developed to the same extent as at 
present and the experiments conducted previous to the year 1928 — 29 
were laid out on the basis of a single plot or at the most two plots per 
treatment ; the plans did not always provide for a comparison of a single 
variant ; the period of experiments was not sufficiently long to verify 
the validity of results, and the factor of soil heterogeneity was not taken 
into account. The results ( Vide Experiments in Manuring Crops in the Bom^ 
bay Presideruy^ i8g& — 1931 9 by D. L. Sahasrabuddhe, Agricultural Chemist 
to the Government of Bombay) as they go however indicated as follows: — 

Amongst the fertilisers tried, sulphate of ammonia was predominant. 
It was found useful for rice at Alibag, Karjat, Kumpta and Ratnagiri 
and for sugarcane at Arbhavi, Baramati, Kopergaon and Manjri ; it did 
not prove advantageous to cotton at Dhulia, Dharwar and Jalgaon, to 
wheat at Dhulia and shalu jowar at Manjri and Dharwar. Nitrate of 
soda, the next important fertiliser, has been found to be of advantage to 
sugarcane at Kopergaon and Manjri (but not as good as sulphate of 
ammonia) and oranges at Modibag (Agricultural College, Poona) ; it 
however failed to show any advantage to cotton at Arbhavi, Dharwar 
and Jalgaon. Ammophos gave^ good results with rice at Kumpta and 
with sugarcane at Arbhavi but could not show any benefit to cotton at 
Arbhavi, Dharwar and Jalgaon. Calcium, cyanamide was found use- 
ful for rice ^t Kumpta but could show no advantage to cotton at Arbhavi 
and Dharwar. In respect of non-nitrogenous kinds of fertilisers, sul- 
phate of potash showed advantage to chillies and tobacco but not to other 
crops ; superphosphate and rockphosphate showed in casual trial an 
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advantage to rice but was not found to be of any use to jowar and cotton 
at Dharmr, to chillies at Dhulia and sugarcane at Manjri. 

It would thus appear that the information available on the use of 
nitrogenous fertilisers as a factor in augmenting crop production in the 
Deccan was but scanty and of a very fragmentary and uncertain nature. 

METHODS AND MATERIALS 

It has been generally recognised that in assessing the behaviour of a 
fertiliser from a pot experiment, information of only a preliminary cha- 
racter can be had. For example, if a crop is found not to respond to a 
given fertiliser in pot cultures, it may be inferred that the fertiliser under 
test is likely to be of no use in the field having the type of soil experimen- 
ted with in the pots; if, on the other hand, a fertiliser is found l^neficial 
in pots, it does not necessarily mean that the same order of results would 
he obtained in the field as the conditions prevailing in the pots and the 
fields are vastly different. To obtain results of practical value, there- 
fore, it is essential to carry out the experiments under normal field condi- 
tions. The present experiments were accordingly laid and carried out 
under field conditions from November 1928 to h^rch 1934. 

The Locautv Selected for the Experiments 

The Agricultural College Farm at Poona, where the soil, climate and 
all other environmental conditions are fairly representative of those of 
the Deccan in general, was selected. This farm is situated on the N.W. 
side of Poona city on the Ganeshkhind road, having 18^30’ north latitude 
and 73®50* east longitude and an elevation of about 1850 feet above the 
sea level. The soils of the farm, as of the whole Bombay Deccan, are 
derived from the Deccan trap and vary from light murmad to medium 
black, the depth ranging from one foot to three feet or more. The farm 
had been under the control of the college authorities from 1907 and the 
previous history of the various fields was known ; this was very useful 
particularly with fertiliser experiments in which residual effects might 
exercise considerable influence. The lands were fairly level and regu- 
larly plotted. All facilities necessary for field experiments of this nature 
were thus fully available. 

The rainfall and temperatures ranged during the period of investiga- 


tion of six years as follows : 


Season Temperature Rainfall 


Max. Min. Inches 


Dry Sommer (Maroh— June) .. .. 94—109 46—80 0 . 3 — 8 

Biainy Season (June — Oot.) .. .. 76 — 96 66 — 76 18 — ^27 

Winter Season (Nov. — ^Feb.) 77—101 41—66 .02— 2 


A graphical comparison of quarter-monthly distribution of these 
factors for three out of the six years is set out in figures i, 2 and 3. 












a 


JOURNAt OF THE UmVERSITV OF BOMBAY 


Crops SELscTEt) 

The scope of the investigation had been restricted to such of the princi- 
pal crops of the Bombay ^ccan for which the Agricultural College Farm 
conditions were suitable. Sugarcane and rice had been omitted from 
the present investigation in view of the large amount of work already 
done and then being done in a systematic manner with these crops on 
Manjri and Karjat farms by the Bombay Department of ^riculture; 
moreover Poona is not a typical rice or cotton growing region. These 
investigations therefore included besides bajri (Pennisetum tyjAoideum) 
shalujowar (Andropogon sorghum) both of which form important rainfed 
food-crops of the cereal class, chillies (Capsicum frutescens) a partially 
irrigated or rainfed common spice crop, groundnut {Arachis hypogea) a 
valuable leguminous rainfed oil-seed crop, and onion {Alltum cepa) an 
irrigated vegetable crop of the poor as well as the rich. Thus crops 
grown under almost all the conditions such as rainfed or irrigated, those 
grown on light, medium and heavy soils and those growing in kharif as 
well as rabi season were selected. As the investigation commenced ra- 
ther late in the year 1928 — 29, only the two winter crops of shalujowar 
and onions could be taken up that year. 

Fertilisers Selected 

The selection of the nitrogenous fertilisers was done keeping in view 
the commonly available forms. The fertilisers selected with their ave- 
rage composition arc given below . — 




Percentage content of 

Name of the fertiliser 


Nitrogen 

Phosphoric Potash 

Sulphate of ammonia 


20 

acid 

Nitrate of soda . . 


15 


Calcium cyanamide 


18 

. . 

Ammophos 


17 

17 

Leunaphos 


19 

17 

Nicifos 


18 

18 


r 1 928— 29. . 

17 

19 21 

Nitrophoska tried in 

1 1 929— 30. . 

13 

13 II 

Complete fertiliser 

. . 

13 

13 II 


The first year (1928—29) did not include nicifos and complete ferti- 
liser. Ammophos, which is similar in composition to 4 eunaphos, was 
omitted sinec the year 1929—30. In the year 1930 leunaphos and nitro- 
phoska were withdrawn firom the market by the firms manufacturing 
them and therefore they were replaced respectively by nicifos and com- 
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plete fertiliser having identical composition. Complete fertiliser used 
was made up of a mixture of sulphate of ammonia, bone super phosphate 
and sulphate of potash supplying nitrogen, phosphoric acid and potash 
in the same proportion as done by.nitrophoska used in the year 1929 — 30. 

Rate of Appucation of Fertilisers 

This was empirically fixed at such quantities as were thought to be 
likely to pay according to the values of the present yields of the different 
crof^ and in consideration of the observation that cereals are generally 
nitrogen thrifty crops (Keeble, 1932) i.e., their appetite for nitrogen being 
satisfied with small quantities. Thus the amounts of nitrogen decided 
to be applied at the outset were as mentioned below : — 


Pounds of nitrogen per acre 


Bajri . . . . . . 10 

Shalu jowar . . . . . . 10 

Groundnut . . . . . . 20 

Chillies . . . . . . 20 

Onions . . . . 20 


After getting a few years’ experience with these quantities it was 
thought desirable to also try double the above quantities in the case of 
bajri^ shalu jowar and onions. 

Method and Time of Applying Fertilisers 

The fertilisers were either evenly broadcasted by hand or were drilled, 
depending on the time and depth of application. In the case of crops 
wluch received water on the soil after planting either from rain or from 
irrigation, they were applied as a top-dressing between lines of a crop 
about two or three weeks after sowing or planting by spreading them 
after dilution with fine dry soil to about three times the weight of ferti- 
liser. The material was then well mixed into the soil by stirring, 
the case of shalu jowar which has generally to grow on conserved soil mois- 
ture in rainless winter months, fertilisers were drilled in lines about three 
inches deep and four and half inches apart by a country drill about two 
to three weeks before sowing so that the fertilisers may get a chance to 
get well dissolved by the N. E. showers which are generally received in 
September and October ; in the year 1928 — 29 however, the fertilisers 
were drilled about three weeks after soydng. 

Basic or Foundation Dose of Organic Matter 

The use of fertilisers without any organic matter was considered to be 
unsound from the present knowledge of the subject (Hutchinson, 1927; 
Klcbergcr, 1926 ; Russell, 1920 ; Vishwanath, 1932) and therefore 
the association of a small amount of farmyard manure with them was 

2 (II) 
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jnovided to furnish the foundation of organic matter. This &rmyard 
manure was given about a month or two before sowing. 


SELEcnotr OF Land 

Fields having soil suitable to the different crops to be grown were 
Spotted, their previous history was studied and those with uniform 
treatments for the preceding three years were selected. 

Description of Soil 

The chemical and mechanical composition of the fields selected was 
determined by analysing one representative sample of soils of all the 
replications included in each experiment. As on examination of a 
number of results of manurial experiments on soils of which the nitrogen 
contents differ, the effects of the nitrogen addition have not been found 
to correspond with the nitrogen contents of the soil and as the character 
and the scope of the investigation were mainly agronomical, these 
determinations were not carried out separately for each treatment plot 
and at periodical intervals. The data regarding these deternunations, 
which in all cases were kindly done by the Agricultural Chemist to the 
Government of Bombay, are presented in Table III. Details about 
colour and texture of soils are described in Table IV. The depths of 
soil and contours of levels in the experimental plots are recorded in 
several figures or descriptive summaries referred to, under the respective 
crops and years. 


Moisture Content of Soil 

Moisture content of soil during the growing period of all the crops 
except the regularly irrigated crops of onions have also been determined 
periodically with a view to afford a study of the effects of any differences 
in this respect from year to year. 



ical and mechanical composition of soils of the experimental plots 


MACS OF mmOOBNOUS FERTIUSSRS 


tt 


1 

1 

1 

1 

o 

8 

Clay 

C 

reroen^ 

13.08 

10.17 
5.90 

41.34 

9.54 

9.18 

10.17 

14.00 
16.69 
12.42 

20.40 
23.22 

31.00 
24.98 

42.40 

14.72 

22.94 

Fine 

silt 

' 

P 

jreroeiiij. 

19.07 
18.19 
13.37 

19.08 
16.43 
17.80 

18.73 

23.50 

23.54 
21.60 

22.70 

27.54 
31.00 
24.99 
18.02 

20.71 

9.30 

Silt 

c 

x'ervcuc. 

26.16 

17.66 

20.33 

13.78 

17.49 

35.10 

20.33 

34.00 

21.72 
28.08 
17.39 
14.04 

6.60 

22.44 

12.72 

26.16 

33.41 

Fine 

sand 

Percent. 

17.00 

31.99 
30.31 
12.13 
31.69 
21.65 

31.91 

14.78 

21.81 

19.29 

11.99 
9.90 

12.46 

14.73 

12.37 

17.97 

26.76 

Coarse 

sand 

"S i-»(Neoeo^co lO f-< Q o> p i> i> i-r P 

S t> CO e<4 os o 94 eo <o oo 35 »h ©4 c» i> o «5 

8 cor^oswootf) c6 ^ »o »o CO CO eo uo t> 

Potaeh 

(K20) 

i 

0.*i7 

0.25 

0.31 

0.20 

0.166 

0.18 

0.12 

o.’is 

0.14 

o!i6 

0.27 

0.32 

Phospho- 
ric acid 
(P206) 

4 a l> C- 00 lO ^ »0 

g »o Oi CO W5 CO 0 »oeoM<cooo 94 -^ o5 © 

g 000000 0 00000 00 0 0 

Cui 

Nitro- 

gen 

4 

1 

i 

0.098 

0.09 

0.08 

0.092 

0.076 

0.086 

0.11 

0.134 

0.07 

0.076 

0.072 

0.073 

o!657 

0.074 

0.103 

0.10 

II 

4 

] 

7.63 

5.21 

2.33 

2.26 

8.97 
1.09 

3.36 

1.98 
1.80 
1.06 

5.03 
6.74 

2.65 

1.30 

2.44 

5.04 

Sand 
[acid in- 
soluble) 

4. 

1 

i 

66.66 

66.10 

68.40 

69.98 

60.60 

74.97 

70.30 

67.64 

67.60 

74.48 

74.02 

66.07 

70/54 

73.37 

71.67 

64.18 

liOSS 1 

onig- 

nition 

Percent. 

8.92 

8.63 

7.30 

9.31 
7.19 
7.73 

7.73 

12.80 

7.81 

9.85 

10.65 

10.17 

9.41 

9.09 

10.61 

10.46 

Moisture 

on fine 
air dry 
matter 

Percent. 

8.16 

6.66 

6.38 

6.44 

6.32 

7.66 

6.58 

3.42 

6.18 

7.52 

7.24 

7.64 

6!i6 

6.02 

7.96 

8.02 


on origi- 
nal air 
dry 
sample 

4i 

j 

14.8 

7.76 

6.25 

6.90 

9.60 

8.61 

4.50 

3.30 

2.50 
4.10 
2.00 

4.00 

4!io 

6.00 

4.18 

12.50 

i|.a 

U 

lit 

II 
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Table IV 

Description of the nature of soil in the experimental plots 
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9B to IIB Sandy loam, very coarse in texture and light brown in colour. 

12B and 13B . . Sandy loam, fairly fine in texture and brown in colour. 

14B and 15B . . Sandy loam, coarse in texture and light brown in colour. 

21B and 22B . . day loam, fine in texture and dark brown in colour withslight variations here and there. 



23B and 24B . . day loam, 6ne in texture and dark brown in colour. 

25B and 26B day loam, very fine in texture and dark in colour. 

70 to lie Sandy loam, coarse in texture and brown in colour. 

120 . . Sandy loam, very coarse in texture and very light in colour. 



249, 257, 255 & 273 . . Loamy, a little coarse in texture and dark brown in colour. Eastern half is better than western half in texture and colour^ 

642 and 651 day loam, fine in texture and dark brown in colour. 
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Rotations 


In order to wipe out differences due to any residual effects of fertilisers, 
other crops were grown without manure or irrigation for the two years 
following that of experiment. Thus a crop under fertiliser experiment 
occupied different locations in different years coming in the same place 
every third year. The crop immediately preceding the one under experi- 
ment except in the case of shalu jowar was nitwa fodder jowar unmanured 
which being a gross feeder was considered capable of wiping out the 
residual differences, if any, of the previous experimental treatments. 
Shalu jowar was preceded by Khandesh cotton unmanured. 

Size of Dimensions of the Experimental Treatment 

The very first idea of testing fertilisers was in pots ; it was however 
soon thought that the results obtained from pot experiments would 
diverge much from those under field conditions to which they are to be 
eventually applied and it was therefore decided to carry out the experi- 
ments in sm^l plots. In the year 1928 — 29 each treatment plot occupied 
a gross area of 225 square feet formed by 15 ft. X15 ft. which after 
allowing border rings, 2.5 feet wide on all the four sides, gave a net 
experimental area of 100 square feet. From the year 1929 — soonwards the 
size of each treatment plot was increased to about 2 . 5 cents of an acre 
in all cases except a few in which land fit for experiment was limited, 
and the size was reduced to about 1.25 cents of an acre. The dimen- 
sions of the 2.5 cents plots were either 16 ft. X 68 ft. or 9 ft. X 12 1 ft. after 
providing a ring of about 2j ft. along the long and 7 ft. along the short 
side of each treatment plot. The ring area was harvested separately in 
all cases and was not taken into account in calculating the results. 

Lay-out of the Experiment and Statistical Methods Employed 

The latest method of experimental technique evolved by Dr. Fisher 
at Rothamsted was adopted for the purpose of these experiments from the 
year 1929 — 30 onwards. The method followed in the year 1928 — 29 
differed slightly from this and is described under that year. Except in a 
few cases in which ‘Latin square arrangement’ was possible, the arrange- 
ment of ‘Randomised blocks’ of Dr. Fisher was followed with as many 
replications as could be provided. Interpretation of results has been done 
all through according to the principles and illustrations of Fisher’s 
method as explained by Maskell (1929) in his publication ‘Survey of 
Recent Advances in Statistical Methods’. At a later stage when two 
different quantities of fertilisers were tried, the comparative results of 
the two quantities of each of the fertilisers were interpreted by Student’s 
method (1908, 1923 and 1926). 

Observations Noted 

All the crops were broadly inspected almost every alternate day through- 
out the growing period and any striking phenomena noticed were re- 
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corded in observation books. After full germination, the magnitude of 
the stand of the crop was estimated by the eye. The further observations 
were made very critically at fortnightly intervals and consisted of noting 
the extent of the effect of fertilisers on the general conditions and growth 
of the crop, the number of leaves per plant, the number of tillers or bran- 
ches per plant, leaves on main stem and first branch, height, colour, 
general vigour of the crop, variations in growth of each treatment plot, 
the effect of deficiency or excess from mycological and entomological 
troubles and all other relevant observations pertaining to the needs of 
the crops. At maturity the number of plants in each treatment plot was 
counted. In harvesting, the rings were first removed and then the net 
area of each treatment was harvested and kept separately. The produce 
was dried and prepared into marketable form. Two consecutive weights 
found to be constant were accepted as final weights. Other data such 
as the number and weight of different classes of earheads, quality of 
produce, food values and all other relevant qualities were collected and 
studied. Crops grown in the years following the experimental treat- 
ment were occasionally inspected with a view to marking any striking 
residual effect of the different fertilisers applied. 


RESULTS AND DISCUSSION 

The special conditions and results of the Bajri Crop are set out and 
discussed in this paper, firstly year by year and finally reviewed for all 
the years taken together. 

The kinds of fertilisers experimented with have been named in various 
tables of results. Quantities tried were such as to supply per acre lO 
pounds nitrogen in the first three years and 20 pounds nitrogen in the 
last three years in addition to ij cart loads of farmyard manure. 

This crop was cultivated as a rainfed monsoon crop, i,e., without any 
irrigation. Preparatory tillage consisted of ploughing with a turnwrest 
plough to a depth of about seven inches and subsequent three to four 
harrowings in the fair season preceding sowing. Farmyard manure was 
spread after ploughing. Sowing was done by a drill in lines one foot 
apart by about middle of July at a seed rate of about seven pounds per 
acre. Generally two weedings and interculturings formed the after 
tillages. Watching of crop was commenced about ten days after general 
flowering. 

The quality of the grain from each plot was judged for colour, size, 
hardness and uniformity. A representative sample of grain from all the 
replications of each treatment was examined for food-value by the Agri- 
cultural Chemist to the Government of Bombay. 

Other conditions which vary from year to year arc given under the 
respective years. 
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I. 1929-30 

Position and Descsiption or the Land 

The experiment was conducted on plots igD, soD, 21E and 22E, the 
previous history of which is stated below : — 


Yew 

Number of 
the plots 

Name of 
the crop 

Rain-fed 

or 

irrigated 

Amount of 
manure 
given per acre 

Yield per 
acre in 
pounds 

1926-27 

19D to 22E 

Misc.orops 
for Show 

1 

1 



1927-28 

lOD to 22E 

Wheat 

j 

Rain-fed 

Green manuring 

941 grain 
1876 bhusa 

1928-29 

19D to 22E j 

Bajri 

Bain-fed 

10 carts F.Y.M. 

1809 grain 
4385 fodder 


Fig. 4 shows contours of levels as well as depths of soil up to murum 
layer and Tables III and IV give further description of soil in other 
respects. 

In Table V are recorded moisture contents of soil in plot No. 20D. 

Table V 


Percentage of moisture contents of soil on ooen dry basis 


Date 

At 

0' to B"' depth 

At 

6' to 12* depth 

At 

12-' to 18' depth 

lOtb July 1929 

27.1 

25.9 

20.4 

24th July 1929 

24.66 

27.4 

26.9 

7th August 1929 

27.7 

24.6 

25.4 

2lBt August 1929 

19.7 

22.9 

20.1 

4th September 1929 

14.3 

18.4 

17.6 

18ih September 1929 . . 

40.0 

35.9 

31.7 

2nd October 1929 

34.7 

36 8 

36.6 


» QoAwnTV or Fertilisers 

Quantities of fertilisers were such as to supply 10 pounds of nitrogen 
m addition to cart loads farmyard manure per acre. 
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Arrangement of Plots and Number of Repucations 

The actual situation of. different treatments in each of the four rcpli- 
cations provided is shown in Fig- 5. 

Cultural Details and Progress of the Crop 

The preparatory tillage consisted of discing in October 1928 after the 
removal of the preceding crop, followed by blade harrowing in January 
1929 and discings in February, March and April. Farmyard manure 
was applied on 4th June 1929 and well mixed by subsequent harrowing. 
Sowing was done on loth July 1929 with a country drill with a seed rate 
of seven pounds to an acre. The variety used was ‘Akola.* The ger- 
mination was quite satisfactory and the stand of the crop was about 85 
per cent. Fertilisers were applied as a top-dressing on 25th July by 
broadcasting between the crop lines and mixed thoroughly with the 
soil by subsequent intercultivation- Flowering commenced from 17th 
August. The crop suffered on account of drought in August and the 
first fortnight of September in all the plots. Harvesting was done on 
30th September 1929. 


Results 

The details of the yield are set out in Fig. 5 and Tables VI and VII. 

* ** 

Table VI 


Yield of bajri grains in pounds per plot of s, 5 cents of an acre 


Treatment 

BIool; 

leD 

Block 

20D 

Block 

21E 

Block 

22E 

.. . 

Mean of 
Four 
Blocks 

Percent- 

age 

Increase 

over 

Chock 

Sulphate of ammonia 

38.76 

26.94 

30.50 

24.25 

30.11 

16.9 

Nitrate of soda 

48.60 

20.94 

23.26 

20.50 

28.29 

9.7 

Calcium oyanamide 

*46.06 

20.13 

37.00 

21.38 

32.39 

25.7 

Leunaphos 

37.25 

32. 31' 

37.75 

18.50 

31.45 

22.1 

Nitrophoska 

42.56 

26.06 

37.81 

15.25 

30.17 

17.1 

No fertiliser ..j 

30.13 

26.^ 

27.38 

19.94 

25.77 

• • 

Mean of each block 

40.38 

li 

26.17 

32.28 

19.97 

29.70 

• • 


3 (II) 
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Table VII 

TUld of dry straw in pounds per plot of 2,3 cents of an acre 


Treatment 

Block 

19D 

Block 

20D 

Block 

21E 

Block 

22E 

Mean of 
Four 
Blocks 

Percent- 

age 

Increase 

over 

Check 

Snlphato of ammonia 

m.oo 

84.00 

96.00 

76.00 

89.25 

13.9 

Nitrate of soda 

126.00 

80.76 

87.75 

64.00 

89.63 

14.4 

Caloinm oyanamide 

120.00 

80.00 

89.50 

63.50 

88.25 

12.6 

Leiinaphos 

106.00 

76.00 

92.60 

67.00 

85.38 

8.9 

Nitrophoska 

120.00 

80.00 

90.00 

66.50 

89.13 

13.7 

No fertiliser 

86.50 

86.00 

78.00 

64.00 

78.38 

• • 

Mean of the block 

109.92 

80.96 

88.96 

66.83 

86.67 

•• 


None of the fertilisers is significantly different from the no fertiliser 
check or from any other fertiliser, both in respect of grain and straw. 

The percentage increases in straw are generally smaller than those 
of grain with the exception of nitrate of soda. 

The ratio of the yield of straw to the yield of grain was worked out 
from the data recorded in Tables VI and VII and is presented in 
Table VIII. 


Table VIII 


Ratio of the yield of straw to the yield of grain 


Treatment 

Block 

19D 

Block 

20D 

Block 

21E 

Block 

22E 

Mean of 
Four 
Blocks 

Sulphate of ammonia 

1 

1 2.61 

3.11 

3.15 

3.13 

3.00 

Nitrate of soda 


3.86 

3.77 

3.12 

3.33 

Calcium oyanamide 

2.66 

3.06 

2.42 

2.97 

2.78 

Leunaphos 

2.85 

2.34 

2.45 

3.62 

2.81 

Nitrophoska 

2.82 

3.19 

2.38 

4.36 

3.18 

No fertiliser 

2 87 

3.31 

2.86 

3.25 

i 

3.07 

Mean of each block 

2.74 

3.16 

2.86 

3.41 

3.04 
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From the above data it is seen that the capacity of vegetative parts to 
produce grain is the least with nitrate of soda, most with calcium cynana- 
mide and Icunaphos and intermediate with the rest. 

Judging from periodical observations on the standing crop, sulphate of 
ammonia, calcium cyanamide and nitrophoska appeared on the whole 
superior to no fertiliser in most of the replications. 

Influence of Fertiijsers on the Quality of Bajri Grains 

The differences in quality were very slight and not enough to affect 
the market value. The different treatments stood in the order of : — 
(i) calcium cyanamide, (2) Beunaphos, (3) nitrophoska, (4) sulphate 
of ammonia, (5) no manme and (6) nitrate of soda. 

The food-value analysis of the representative Bajri samples is noted in 
the subjoined table. 


Food Constituents in 
Percentage 

Sulphate 

of 

Ammo- 

nia 

Nitrate 

of 

Soda 

Calcium 

cyana- 

mide 

Leuna- 

phoa 

Nifcro- 

phoska 

No 

fertil- 

iser 

Moisture 

7.82 

7.72 

7.40 

7.92 

7.45 

7.57 

Ether extract 

5.03 

4.81 

5.05 

5.20 

5.40 

5.28 

Albuminoids* 

10.25 

9.50 

8.63 

8. .50 

9.06 

10.94 

Digestible carbohydrates 

71.8^ 

73.02 

72.34 

73.84 

71.25 

70.91 

Woody fibre 

1.36 

0.78 

1.00 

0.75 

1.09 

1.07 

Ash** 

3.69 

4.17 

5.58 

3.73 

5.75 

4.23 

containing 

♦Nitrog'^n 

1.64 

1.52 

1.38 

1.87 

1.45 

1.75 

.♦♦Sand 

1.71 

2.27 

3.48 

2.11 

3.76 

2.32 


Albuminoids appear to vary in some inverse relation with the yield 
(Table VI) except in the case of sulphate of ammonia. There appears to 
be no such relation in the case of woody fibre and ash contents. The 
woody fibre is however the largest with sulphate of ammonia and least 
with nitrate of soda and leunaphos. The ash content is highest with 
calcium cyanamide and complete fertiliser and lowest with sulphate 
of ammonia and leunaphos. 

With a view to study as to how the different fertilisers act and the 
reasons of differences in their behaviour, data were collected in regard 
to the soil and the various phases of plant growth. 

The means of the different block yields of grain afford a good compari- 
son of the effect of soil. These vary from 19.97 to 40.38, the range of 
variation being —32 to +36 per cent from the general mean. An ex- 
amination of individual block variations reveals ^th in the case of grain 
and straw that the highest block yields are associated with finer texture 
and somewhat darker colour (block igD), and the lowest yields with 
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oMTier teJtture and light brown colour (block 22E). Soils intermediate 
in texture and colour (blocks 20D and 21E) stand intermediate in texture 
and colour. Deptibs greater than one foot do not appear to influence 
the yields (Fig. 4) with the same texture and colour. Judging from block 
means of ratios of yields of straw to grain (Table VIII) it is seen that a 
unit amount of straw has {produced less of ^ain in poorer than in richer 
soils. It is not possible to interpret the influence of differences in slopes^ 
as they are mixed with those of many other factors. 

A study of the number of earheads per plot as recorded in Table IX 
shows larger number of earheads for nitrate of soda and leunaphos, all 
others being more or less equal. The number of earheads per imit area 
do not appear to have any relation with the fertility of soil except perhaps 
the poorest soil has given the least number. 

Table IX 

Number of earheads per plot 0/2,5 ^ 


Treatment 

Block 

19D 

Block 

20D 

Block 

21£ 

Block 

22E 

Mean of 
Four 
Blocks 

Sulphate of ammonia 

2470 

3964 

4217 

3280 

3483 

Nitrate 0 ! soda 

4672 

5078 

4726 

3788 

4541 

Calcium cyanamide 

4801 

2969 

3525 

2146 

3360 

Leunaphos 

2460 

3682 

4389 

4712 

3811 

Nitrophoska 

4171 

2978 

2798 

2983 

3233 

No fertiliser 

3519 

3829 

3434 

3169 

3488 

Mean of each block 

3666 

3760 

3849 

3346 

3653 


Comparing these data (Table IX) with those of the average yield of 
grain per earhead as recorded in Table X, it is noticed that the yield of 
grain per earhead is more or less in the inverse proportion to the number 
of earheads. Increased yield per acre seems to be made up by increasing 
the weight of the individual earhead over what would have been the 
case in compensation for the number of earheads per unit area. 


Table X 

Average yield of grain per earhead in tolas 


Treatment 

Block 

19D 

Block 

20D 

Block 

21E 

Block 

22£ 

Mean of 
Four 
Blocks 

Sulphate of ammonia 

■HI 

0.272 

0.289 

0.296 

0.371 

Nitrate of soda 

■sSfl 

0.163 

0.185 

0.241 

0.240 

Calcinm cyanamide 


0.352 

0.420 

0.347 

0.374 

Leunaphos 

■HI 

0.305 

0.394 

0.154 

0.344 

Nitrophoska 


0.337 

0.469 

0.223 

0.359 

No fertiliser 

■H 

0.316 

0.371 

0.252 

0.309 

Mean of each block 

0.484 

0.291 

0.355 

0.252 

0.333 
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II. 1930-31 

PosmoK AND Description of the Land Selected 


The cxj^rimcnt was conducted on plots iB to 8B, the previous history 
of which is stated below : — 


Year 

Number 
of the 
Plots 

Name 
of the 
Crop 

Bainded 

or 

Irrigated 

Amount of 
Manure given 
per Acre 

Yield per 
Acre in 
Pounds 


IBtoGB 

Bajri 

Bain-fed 

Nil 

1450 grain 

1927-28 






7B A8B 

Groundnut 

Bain-fed 

Nil 

1154 pods 


lBto6B 

Groundnut 

Bain-fed 

10 carts P.y.M. 

1444 pods 

1928-29 






7B&8B 

Nilwa- 

-jowar 

Bain-fed 

W carts P.Y.M. 

1652 fodder 


]Bto6B 

Bajri 

Bain-fed 

Nil 

1206 grain 

1929-30 






7B& SB 

Bajri 

Bain-fed 

10 carts F.Y.M. 

954 grain 


The surface of these blocks had a downward slope of about 1-5 per 
cent from i B on the west to 8 B on the cast, and of about i per cent 
from south to north of each block. The depth of soil up to the murum 
layer varied from twelve to fifteen inches generally with the exception 
of 16 to 20 inches of north ends of Blocks Nos. 7 B & 8 B. Tables III 
and IV give further description of soil in other respects. 

In Table XI are recorded moisture contents of soil in plot No. 5B. 


Table XI 


Percentages of moisture contents of soil on oven dry basis 


Date 

At 

0' to 0' depth 

At 

6' to 12' depth 

At 

12-^ to 18-' depth 

8th July 1930 

25.34 

23.15 

21.07 

23rd July 1930 

27.23 

28.54 

23.76 

6th August 1930 

22.85 

' 24.38 

21.07 

20th August 1930 

21,07 

22.55 

20.48 

4th September 1930 

27.55 

28.54 

27.93 

18th September 1930 . . 

24.38 

26.58 

24.07 

2nd October 1930 

24.389 

26.269 

23.76 
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Quantety of Fertilisers 

Quantities of fertilisers were such as to supply lo pounds of nitrogen 
in addition to cart loads of farmyard manure per acre. 


Arrangement of Plots and Number of Repucations 

The actual situation of different treatments in each of the eight repli- 
cations provided is shown in Table XII. 

Cultural Details and Progress of the Crop 

The preparatory tillage consisted of ploughing in October 1 929 after the 
removal of the preceding crop to a depth of about seven inches by a turn 
wrest plough followed by discing early in June and blade harrowing in 
the middle of June and July. Farm yard manure was applied on 27th 
May 1930 and well mixed by a disc harrow. Sowing was done on 9th 
July 1930 with a country drill with a seed rate of six pounds per acre. 
The variety used was ‘Akola.’ The germination was quite satisfactory 
and the stand of the crop was about 80 per cent. Fertilisers were applied 
as a top-dressing on 25th July by broadcasting between the crop lines and 
mixed thoroughly with the soil by Planet Junior hand hoes. Later on, 
the crop was intercultivated once by a pair of country bullock hoes eariy 
in August and then by a pair of Planet Junior hand hoes in the middle of 
August. Flowering commenced from 6th August. The crop suffered 
slightly on account of long drought in August. This year, about 35 
per cent of the earheads were either rendered entirely blank or were 
only partially filled with grains on account of heavy rains on 2nd Sept- 
ember and subsequent days which was the time of pollination. It may 
be noted here that on account of the slightly sloping nature of the land 
(Fig. 6) almost all the plots suffered from washing in both west to east 
and south to north directions while the plots having the treatment of 
complete fertiliser in block 3B, no fertiliser in 4B, sulphate of ammonia 
in 6B, complete fertiliser in 7B and nitrate of soda in 8B have also slightly 
suffered from stagnation of water during the days of heavy rains in 
September. The effect of the fertilisers on the standing crop, whatever 
could be marked out, began to be distinctly noticed from i6th August, 
ue.y after three weeks of their applications. The crop passed a heathy 
life in all other respects and was harvested on 7th to i ith October 1930. 

Results 

The details of the yield are set out in Fig. 7 and in Tables XII and XIII. 
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Italic letters before the figures under each block indicate the position from west to east. 
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Nitrate of soda alone is significantly better than the no fertiliser check, 
both in the case of grain and straw* 

The percentage increa^s in straw are higher than those of grain, the 
divergence being greater in all other fertilisers than nitrate of soda. The 
increases in straw have generally the same order of merit as grain. 

The ratio of the yield of straw to the yield of grain was worked out from 
the data recorded in Tables XII and XIII and is represented in Table 
XIV. 

Table XIV 


Ratio of the yield of straw to the yield of grain 


Treatment 

Block 

IB 

Block 

2B 

Block 

3B 

Block 

4B 

Block 

6B 

Block 

6B 

Block 

7B 

Block 

8B 

Mean 
,of 8 
Blocks 

Sulphate of ammonia 

2.62 

1.91 

2.26 


2.48 

2.48 

2.37 

2.31 

2.36 

Nitrate of soda 

2.45 

1.88 

2.60 


2.75 

2.09 

2.06 

2.48 

2.33 

Calcium cyanamide 

2.48 

2.18 

2.03 


2.16 

3.16 

2.24 

2.36 

2.34 

Nicifos 

2.14 

1.83 


2.34 

2.80 


2.67 

2.31 

2.28 

Complete fertiliser 

2.38 


2.58 

2.23 

2.47 

2.66 

2.69 

2.27 

2.39 

No fertiliser 

2.31 


1.54 


2.79 

2.44 

2.06 

1.85 

2.13 

Mean of each block 

2.40 

1.98 

2.18 


2.67 

2. .70 

2.31 

2.26 

2.31 


From the above data it is seen that the fertilisers have not been able 
to increase the yield of grain commensurately with vegetative matter. 


Judging from periodical observations on the standing crop, the treat- 
ments showed distinct superiority over check in the number of replications 
stated against each on dates specified below : — 


Gases of Superiority over Check out of Eight on Dates 


xrettblUCUl; 

2-8-30 

16.8-30 

30-8-30 

Sulphate of ammonia 

.... 

4 

6 

Nitrate of soda 

— 

7 

7 

Calcium cyanamide 

— 

6 

7 

Nicifos • . 

.... 

3 

4 

Complete fertiliser 

.... 

4 

7 


Most of the plots which appeared superior to check during the growing 
period have also given superior final yields of grain and straw. 

4 (H) 
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Influence of Fertilisers on the Qpality of Bajri Grains 

The difFcrenccs in quality were very slight and not enough to affect 
the market value. The different treatments stood in the order of : — 
(i) nicifos^ (2) nitrate of soda and calcium cyanamide, (3) sulphate 
of ammonia^ (4) complete fertiliser and (5) no fertiliser. 

With a view to studying as to how the different fertilisers act and the 
reasons of differences in their behaviour, data were collected in regard 
to the soil and the various phases of plant growth. 

The means of different block yields of grain afford a good comparison 
of the effect of soil. These vary from 18.63 29.17 giving Ihereby a 

range of variation of —23 to +21 per cent from the general mean. An 
examination of individual block variations reveals, both in the case of 
grain and straw, that the highest block yields are associated with finer 
texture and somewhat darker colour (blocks 7B and 6B), and the lowest 
yields with coarser texture and light brown colour (block 5B). Soils 
intermediate in texture and colour (blocks iB, 2B ,3B, 4B and 8B) stand 
intermediate in yields. Depths greater than eleven inches do not appear 
to influence the yields (Vide Fig. 6) with the same texture and colour. 
Judging from block means of ratios of yields of straw to grain (Table XIV) 
it is seen that a unit amount of straw has produced less of grain in poorer 
than in richer soils. It is not possible to interpret the influence of dif- 
ferences in slopes, as they are mixed with those of many other factors. 

A study of the number of plants per plot as recorded in Table XV 
shows : 

(1) Other conditions remaining the same, the above variations in 

the number of plants have not caused any consistent difference 
in the yield per unit area. 

(2) The fertilisers have not given any better stand over no ferti- 

liser or between themselves. The varying fertilities of blocks 
have also not shown any difference in this respect. 

Table XV 

Number of plants per plot 0/2,5 


Treatment 

Block 

IB 

Block 

2B 

Block 

3B 

Block 

4B 


Block 

6B 

Block 

7B 

Block 

8B 

Mean 
of 8 
Blocks 

Sulphate of ammonia 


1536 

1568 

1323 

1678 

1818 

1795 

1932 

1706 

Nitrate of soda 

1658 

1763 


1632 j 

1593 

1714 

1783 

1843 

1685 

Calcium oyanamide 

2907 

1638 



1534 

1254 

2011 

1968 

1634 

Nioifos 

1986 

1337 

1390 

1818 

1320 

1339 

2044 

1807 

1630 

Complete fertiliser 

2019 


1916 


1345 

1399 

1784 

1810 

1670 

No fertiliser « « 

1882 

1881 


1744 

1559 

1694 

2105 

1856 

1728 

Mean of each block 


1639 

! 

1478 

1516 


1636 

1920 

1860 

1675 














PLACE OF NITROOENOUS FERTILISERS ^7 

Other phases studied are tillering and filling of earheads as indicated 
by data m Tables XVI and XVII. 

Table XVI 

Xumber of earheads {different classes) per plot 
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Table XVII 

Number of earheads per plant or tillering 


Tmtaient 

Block 

IB 

Block 

2B 

Block 

3B 

Block 

4B 

Block 

5B 

Block 

6 B 

Block 

7B 

Block 

8 B 

Mean 
of 8 
Blocks 

SulphatB 0 ! ammonia 

1.58 

1.84 

1.46 

1.96 

1.49 

1.48 

1.68 

1.13 

1.58 

Nitmte of soda 

1.70 

1.71 

1.97 

BP 

2.04 

1.80 


1.59 

1.83 

Calcium cyanamide 

1.55 

1.68 

1.65 

BP 

2.08 

1.97 

1.42 

1.43 

1.73 

NioifoB 

1.74 

1.36 

1.49 

mw 

1.70 

1.84 

1.53 

1.48 

1.59 

Complete fertiliser 

1.75 

1.73 

1.62 

1.88 

1.92 

1.94 

1.69^ 

1.35 

1.74 

No fertiliser . . 

1.85 

1.57 

2.08 

2.02 

1.91 

1.77 

1.39 

1.72 

1.79 

Mean of each block 

1.70 

j 

1.65 

1.71 

1.86 

1.86 

1.80 

1.63 

1.45 

1.71 


Nitrate of soda has generally given slightly higher tillering while sul- 
phate of ammonia and nicifos have generally been low in this respect. 

Some tendency of a large number of plants being associated with less 
tillering is noticeable when individual plots are examined. 

Nitrate of soda has given the least and calcium cyanamide the largest 
proportion of fully filled earheads. 

One important factor which contributes to the yield of grain is also 
the weight per earhead. A study of this from observations as recorded 
in Table XVIII reveals: 


Table XVITI 


Average weight per fully filled earhead in tolas 


Treatment 

Block 

IB 

Block 

2B 

Block 

3B 

Block 

4B 

Block 

5B 

Block 

6B 

Block 

7B 

Block 

8B 

Mean 
of 8 
Bloclcs 

Sulphate of ammonia 

0.48 

0.62 

0.82 

0.71 


0.80 

0.65 

0.75 


Nitrate of soda 

0 61 

0.72 

0.72 

0.72 


0.57 

0.57 

0.69 

0.66 

Calcium cyanamide . . 

0.43 

0.55 

0.79 

liftol 


mmgm 

0.73 

0.56 


Nioifofl 

0.52 

0.69 

0.69 

0.61 


0.76 

Esni 

0.54 


Complete fertiliser . . 

0.52 

0.68 

0.51 

0.66 

0.57 

0.67 

o.a5 



No fertiliser . . 

0.45 

0.59 



0.54 

0.68 

0.64 

0.59 

0.68 

Mean of each block 

0.50 

0.64 

0.69 

0.65 

0.56 

0.69 


0.64 

0. 68 


(1) The weight per earhead is more or less in the inverse proportion 

to the number of earheads or in other words the number 
of bearing plants. 

(2) The fertilisers have been able to increase the weight per earhead 

over^the one in compensation for the number of earheads per 
unit area, sulphate of ammonia and nitrate of soda ^ing higher 
than others in this respect. 
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UinfaXI Ba inf all 

in iacbea in inches 



Represents the year 1929-30 

KFlTa- Represents the year 195 I -52 

Represents the year 1953*!^ 


Fig. 1. Rainfall by weekly periods for three years during ^ six years 
oommenoing from April 1928 to March 1934. 
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TfiiqMT«t»rfe ®»jtper»tiir« 

m 4«8r««t <P) in **«r*e« (P) 



--Rb present* the year 1929-50 

--Represents the year 195^“3^ 

Beprcaenta the year. 1933*34 


Fig. 2. Maximum and minimum temperature (F) by weekly mriods for thr^ years 
during the six years commencing from April 1928 to March 1934, 
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Humidity 

percents 


Humidity 

percent 



Represents tbe year 193^3^ 


Fig, 3. Hnmidity by weekly periods for three years during the six years commeno- 
ing from April 1928 to Meroh 1934. 
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Fig. 4. Contours of levels and depths of soil (as indicated by the encircled figures 
in feet and inches) up to the muruxn layer in blocks 19Dj 20D, 21£ and 22£:. 
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Bajri 1929^30 

Situation of different treatments and yield per plot in pounds. 





THE ALGAL FLORA OF TEMPORARY 
WATERS AROUND BOMBAY 

L An Ecological Study of the Algae in some Rain-water Pools at BorivU 

By 

Ella A. Gonzalves, B.A., M.Sc., 

AND 

Dwarka B. Joshi, M.Sc. 

Botany Department^ Royal Institute of Science^ Bombay 
INTRODUCTION 

T emporary waters such as rain-water pools, road-side ditches, 
etc. as a rule harboiu* a considerable bulk of algal growth. The 
importance of a study of such algae was realised over 35 years ago 
by Fritsch (1907) who surveyed the algae of rock pools and of road-aide 
ditches and lowland j^ols in Ceylon, and found a difference in their res- 
pective algal compositions. In India, Iyengar (1938) has also empha- 
sised the interesting nature of such waters. He observed that there are 
two types of temporary waters, viz,^ i) rain-water pools which are filled 
inunediately after the first showers of rain and which dry up soon after 
the rains or after a prolonged spell of dry weather, and 2) sniall pools or 
ponds which are dry towards the close of the hot season. Iyengar (1940) 
has also studied the algal flora of muddy rain-water pools in Madras. 
In Northern India, Singh (1940) has recorded some observations on the 
biological productivity of rain-water pools. 

The algae which live in such situations are subject to conditions quite 
different to those which the algae of permanent waters or larger pieces 
of temporary waters have to endure. In the first place the danger of 
desiccation is very great, as the pools dry up very quickly. Hence chan- 
ges in the concentration of the water are rapid. Secondly, in order to 
tide over a dry spell, or to survive from one year to the next, they must 
have the power of doing so either in the dried vegetative condition, or 
they must be able to complete their life-cycle and form resting spores in 
the short tim.e when conditions are favourable to their grov^. Thus 
the germination of the spores, growth and development, and repro- 
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duction must be condcns<^ into a very short period. As the algae 
can only flourish in a particular situation when there is a perfect state 
of harmony between themselves and their environment, it would be in- 
teresting to note the ecological factors operating in these small pieces of 
water and influencing algal growth. A study of such pools would also 
show what groups or types can thrive best in them. 

In this investigation the algae in a ^oup of pools were studied during 
the monsoons of two successive years, in order i) to see if such pools har- 
bour the same type of algae throughout the season or whether there is 
any succession in them, 2) to see if there is any correlation between the 
occurrence of the algae and the climatic conditions such as rainfall, tem- 
perature and hours of bright sunshine, and 3) to study the methods 
adopted by these algae to secure their perennation. 

GENERAL DESCRIPTION OF THE POOLS 

The pools were situated at Borivli which is 22^ miles north of Bombay 
on the B.B. & C.I. Railway. About a mile from the station was a mass 
of rock on the top of which were 6 to 8 small natural depressions. 
These cavities were scarcely a foot in diameter and 6 to 1 2 inches in* depth. 
They were not deep like the rock pools of Fritsch (1907) and none of 
them owed their origin to springs ; but they were filled with water during 
the monsoon when they were found to contain a rich growth of algae. 
The substratum being rock, there was scarcely any natural soil at the 
bottom, but the abundant algal growth which dried at the end of the 
season collected in the hollows. 

METHOD 

Systematic collections of the algae were made once a fortnight during 
the rainy seasons of 1939 and 1940 till the pools dried up. The algae 
were identified and the frequencies of the various species noted. The 
symbols used by Fritsch and Rich (1913) were also used here, 'fhe nu- 
merical values were the same as those adopted by Howland (1931), viz. 
those obtained from counts of individuals found in 50 fields of the micros- 
cope under a magnification of 350. The following symbols ♦ Were 
employed : — 

i=i, vr=i— 5, r=5— 10, rc=io— 20, c=20-- 30, vc=50— 100, 
a =100 —200 and va =200 —400. 

The frequencies of the filamentous algae could not be determined accu- 
rately, but they were estimated roughly from the amount present in each 
collection. The meteorological data were obtained from the Colaba 
Observatory, ^mbay, and are given in Table I. ^ The fortnightly ave- 
rage temperature was calculated from the maximum ^and minimum 
temperatures each day. The fluctuations in average tcmperatut*c were 
slight and throughout the season varied within a few degrees. TTie fort- 
nightly average sunshine value was calculated from the values of daily 
hours of bright simshine. The rainfall for the fortnight represents the 

The nioMLning of the symbols is as follows : — 

issisolated, vr=very rare, r^rate, ro=rather oommoB* 
ossoommon, vc«very oommon, a»abimdant, va—very abundant. 
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total rainfall received during the fortnight. In Bombay from July to 
September there is fairly heavy rain, and therefore during these months 
there is always water in the ipools. The concentration of &e water varied 
according to the amoimt of rainfall and days of bright sunshine. The 
investigation commenced in June 1939, the first collection being ma^ 
towards the end of June. Tht following year, collections were made 
again to see if there was any change in the algal composition and in the 
time of appearance of the various forms. 


Table I 


Months 

Hours of Sunshine 

Rainfall 

Temperature 

1939 

1940 

1939 

1940 

1939 

1940 

June 1 — 16 

7.38 

7.66 

3.06 

4.72 

84.98 

86.34 

„ 16—30 . . 

5.79 

3.33 

1.61 

26.28 

84.676 

81.69 

July 1—16 . . 

0.48 

0.86 

31.02 

3.71 

80.64 

82.9 

T 

CD 

2.08 

2.686 

2.06 

17.93 

81.86 

81.33 

Aug. 1—16 . . 

6.14 

2.68 

1.26 

14.77 

82.61 

81.04 

„ 16—31 .. 

0.687 

4.2 

10.66 

12.67 

79.176 

79.82 

Sept. 1—16 . . 

4.44 

8.73 

1.47 

1.00 

80.6 

83.35 

„ 16-30 .. 

6.86 

6.68 

3.14 

10.26 

81.38 

80.61 

Oot. 1—16 . . 

8.16 

7.32 

0.00 

2.18 

81.36 

83.46 

„ 16—31 .. 

9.95 

9.08 

0.16 

2.21 

83.68 

82.6 


THE ALGAE OF THE POOLS 


The following is the list of algal species observed in the pools during 
the monsoon of June 1939 : — 

I. CHLOROPHYCEAE (ISOKONTAE)* 

Chlorococcales: — i) Pediasirum duplex Meyen, 2) Scenedesmus brasiliensis 
Bohlin, 3) S. ohliquus (Turpin) Kiitz., 4) Ankistrodesmus falcatus (Gorda) 
Ralfs, 5) Coelastrum cambricum Archer. 

Ulotrichales ; — 6) Schizomeris Leibleinii Kutz. 

Oedogoniales : — 7) Oedogonium quadratum Hallas, 8) Oe, dioicum Carter, 
9) Oe, Intermedium Wittr., 10) Oe. bengalense Him, 1 1) 0 ^. oelandicum Wittr. 
Him forma minus Borge. 

Conjugales ; — 12) Spirogyra plena (W. & G. S. West) Czurda, 13) 
SifQgonium ceylanicum Wittr., 14) Mougeotia laetivirens (A. Br.) Wittr., 15) 
Closterium eboracense Turner, 16) C. acerosum (Schrant) Ehr., 17) Cosmarium 
polygonum (Nag) Arch., 18) C. Lundelit Delp. 

II. EUGLENINEAE 
19) Euglena proxima Ehr. 

* The olapsifioation adopted is that of Fritaoh in** The Stractnre and Reproduction 
of the Algae*’— 1935. 
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III. MYXOPHYCEAE (CYANOPHYCEAE) 

ao) Coelosphaerium Kuetzingianum Nag., 21) Microcystis aeruginosa Kiitz., 
aa) Aphanothece Castagnei (Br^b) Rab., 23) Lynghya majuscula (Dillw.) 
Harvey, 24) Nostoc sp., 25) Anabaena Fuellebomii Schmidle., 26) A» osdU 
larioides Bory., 27) Dichothrix gypsophila Kiitz., 28) Gloeotrichia Raciborskii 
Wolos. 

The next year almost the same forms occurred again, though not at 
the same time. The exceptions were Ankistrodesmus falcatus^ Gloeotrichia 
Raciborskii and Coelosphaerium Kuetzingianum which did not appear. In- 
stead a few other forms such as cyanosporum Cleve, Oscillatoria 

subbrevis Sch., Calothrix scytonemicola Tilden and a few members of the 
Chlorococcales such as Sorastrum Americanum (Bohlin) Sch., Tetraedron 
regulare Kiitz. and T. muticum (A. Br.) Hansg. made their appearance. 
The last occurred as a sudden bloom at the end of the season. Thus 
in 1940 the total number of species was 31. The number of floating 
filamentous forms was greater than that of the unicellular forms, but there 
were hardly any attached ones. The majority of the species belonged 
to the Chlorococcales, but except on a few occasions, they were never 
common. Oedogonium and Spirogyra were abundant in all the pools. 
Some other members of the Zygnemaceae were also dominant in the pools 
for some time. Tables II and III show the numbers of algae belonging 
to the different classes in the two seasons. 

Table II 


Date 



Eaglenineao 

Total 

13-6-39 

7 


1 

10 

7-7-39 

6 


1 

9 

21-7-39 

11 


1 

16 

4-8-39 

13 


1 

18 

18-8-39 

19 



21 

1-9-39 

15 


. , 

19 

14-9-39 

11 

8 

, , 

19 

1-10-39 

9 

9 


18 

10-10-39 

5 

9 

•• 

14 


Table III 


Date 

Chlorophyceae 

Cyanophycoae 

Euglcnineae 

Total 

26-0-40 

4 


1 

5 

9-7-40 

14 

, , 

1 

15 

23-7-40 

18 

1 

1 

20 

10-8-40 

20 

2 

1 

23 

20-8-40 

20 

1 

. . 

21 

3-9-40 

15 

2 , 


17 

17-9-40 

13 

6 


18 

1-10-40 - 

4 

8 

— 

12 

15-10-40 — 

6 

8 

— 

13 


Though the total number of forms was approximately the same in the 
two years, it is clear from the Tables that more forms occurred at one time 
in 1940 than in 1939* Again the maximum number of green algae was 
readied much later in i939- In 1939, 21 forms were obtained about 
the middle of August, while in 1940, 20 forms were seen in July, almost a 
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month earlier, and the maximtun, viz., 23 forms, almost in the first week 
of August (ef. Fig. i, and Tables II & III). 



Kg. 1. *0’'^ the reUtive nambers of olgw «d the ineteorologiosl ' 

(tato for the ramy eeaeons of 1939 and X940. “"““"‘Gbuiw 

SUCCESSION OF THE ALGAE 
The algae rould be divided into three groups, viz., those which 
flouri^d beginning, those which occurred towards the nuddle 
and those whicn were seen at the end of the monsoon. The ftectuencies 
o£ some ot the algae in tVe pools ate given in TaUc IV. 
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! lepresents sexual reproduction. 
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To the first group belonged all the sjpecies of Oedogonium (except Or. 
oilandiam), ZyS^^ tyanosporum^ ScemSesmus ohliqms and ^ugUna prosdnMu 
all of which were seen very soon after the rains. They rapidly reached 
their maximum during July and either disappeared by the beginning 
of September or persisted ml the end of the season as isolated forms. 
Oedogonium was dominant at this period and formed oogonia and oospores 
quite early, by the end of June or the beginning of July. ' Almost all the 
species were more abundant in 1940 than in 1939* cyoMsporum 

which appeared only in 1940 also reached its maximum in July when 
zygospores were formed. Scenedesmus obliquus disappeared entirely by 
the middle or the end of July. Of the blue-greens, only Jpkanothece was 
seen in appreciable numbers at the beginning of the season in IQ39T 
Euglena was common in the early days of the monsoon, and then its lium- 
bers declined. The conditions thus favourable for these forms were 
abundant rain and not much sunshine. 

The majority of the green algae however belonged to the second group. 
They made their appearance when a spell of bright weather ensued after 
the nrst heavy showers of rain. Spirogyra plena appeared in July, reached 
the high water mark of its development in the middle of August, and main- 
tained a vigorous growth till September. It was only in October that 
its numbers diminished. Mougeotia laetivirens had a shorter span of life. 
It appeared in the middle of August and was rare by the*middle of Sep- 
tember, Rare filaments of Schizomms were likewise seen in the middle 
of July in 1939, but this type disappeared in September. In 1940 it 
appeared much earlier as a rather common form in the beginning of July, 
became very common by the middle of August and disappeared by the 
middle of September. All the desmids reached their maximum in the 
third week of August, and then declined. Cosmarium polygonum was seen 
throughout the season. The other green algae, though never seen in 
large numbers in either year, also belonged to the second group. The 
conditions favourable for the second group cf forms seemed to be less 
rain and more sunshine. 

The third class includes almost all the blue-greens. With the excep- 
tion of Nostoc which appeared earlier, all the other blue-greens developed 
in the middle of September or a little earlier and were dominant by the 
end of the season. Aphamthece was present at the beginning of the year in 
1939, but appeared very late in 1940. Its late appearance in 1940 can 
be attributed to the following reasons. In 1939 there was very little rain 
when the monsoon broke, and so the pools were filled with just sufficient 
water for this form to develop. As soon as there was heavy rain, as dur- 
ing the first fortnight of July, the water became very dilute and hence 
the form becam.j “isolated.*^ When the water became more concentrated 
at the end of the season, it appeared again. In 1940 the rainfall was vei^ 
heavy almost from the commencement of the monsoon, and the form did 
not get a chance todevclop, as the water in the pools was very dilute. Hence 
it only occurred at the end of the season. Tetraedron muticum appeared 
suddenly in very large numbers at the end of September. The reason 
for this sudden bloom was not apparent. Oedogonium oelandicum and 
Sirogonium ceylanicum were two forms which occurred somewhere in the 
middle of the season, but were common even at the end of the rains and 
so could placed in the third class. The conditions of development 
for the third group were concentrated water, long hours of sunshine and 
high temperature. 
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Tbou^ the Itfe-^histories of all these forms were restricted to a few 
montte, yet during this period the conditions that favoured the appear- 
ances of the green algae were not the same as those which suited the blue- 
greens. The former were seen at the beginning of the season in small 
numters. They flourished till the middle of the monsoon and then de- 
clixFed, whereas the latter appeared in the middle or towards the close of 
the season and rapidly rose in number, maintaining their greatest number 
at the end of the season. 

A comparison of the weather conditions in the two years brings out 
the following points. In 1939, the total rainfall was 54.33 inches while 
in 1940 the total was 94 . 63 inches. Moreover the fortnightly maximum 
rainfall was recorded in the middle of July in 1939, but in the beginning 
of July in 1940. The hours of bright sunshine were inversely propor- 
tional to the amount of rainfall. This was observed throughout the 
season in both years except in the middle of July in 1940 when the figures 
for both rainfall and the amount of bright sunshine were low. The 
sky however at this time was very cloudy and that is why, though no rain 
actually fell, the number of hours of sunshine^ was reduced. If a compa- 
rison is made between the graph showing the number of green algae and 
that of rainfall and sunshine {cf. Fig. i), it is obvious that the great- 
est number of algae appears when there is a period of dry weather 
after a spell of heavy rain. The reason for the early development of cer- 
tain forms in 1940 thus becomes clearly apparent. The fortnightly 
maximum rainfall as mentioned above was recorded in the latter half of 
July in 1939, and in the early half of the same month in 1940. Thus in 
1939, the green algae reached their maximum number about a month 
after the maximum rainfall, in the middle of August when there was 
also a rise in the hours of sunj>hin®> which they steadily declined. 
The second rise in the hours of bright sunshine had no effect on the green 
algae as the condition of the water was now inhibitory to their growth. 
Low concentration of the water combined with moderate hours of sun- 
shine thus favoured the development of the green algae. In 1940 the 
maximum number was obtained also about a month after the maximum 
rainfall, and hence much earlier than in the previous year. 

^ When the hours of bright sunshine increased and the temperature was 
high, the water became more concentrated and the conditions were ideal 
for the blue-greens which appeared at the end of the season. This fact 
has been observed by practically all workers in algal ecology. Though 
a number of green forms were seen at the end of the season most of them 
were isolated and only one or two were in appreciable numbers. 

COMPARISON WITH OTHER POOLS 

In Ceylon Fritsch (1907) found that in road-side ditches and lowland 
pools, the Conjugales were the dominant group and Spirogyra was the 
most usual form. A subsidiary vegetation usually composed of Oedogo» 
fdum was often present. In a few cases Oedogonium was dominant and 
Spirogyra was subsidiary. If both these types were absent, then the 
Cyanophyceae took the lead, though as a rule, they were not well re- 
pmsented. Desmids (filamentous in particular) were occasionally very 
abun 4 ant, but other colomal and unicellular forms like the Chlorococ- 
cales were rare* The Oeabgonium^Spirogyra association was the most 

6 01 ) 
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comtant feature of the road-side pools of Ceylon. In the rock-]^l8 
(pools found in huge masses of basalt) the Cyanophyccac were decidedly 
in the majority — ^particularly in the shallower pools. When not domin<* 
ated by the Cyanophyceae, there was a rich ^owth of green algse con- 
sisting mostly of members of the Conjugales and Chlorococcalcs. Oedagih 
nium played a minor part and only attained considerable develcmment 
in one or two pools. Of the Conjugales, certain species of the Zygne- 
maceae and Desmidiaceae were abundant and Spirogyra was a subsidiary 
form, and Zygnema more important. Filamentous desmick were com- 
mon. The desmids of the rock-pools were more complex in form than 
those of the road-side. 

The Oedogonium-Spirogyra association in these pools shows that the flora 
of these pools approaches more closely that of the road-side and lowland 
pools of Ceylon than that of the rock-pools. The only resemblance to 
the latter is in the presence of the Cyanophyceae, which however only 
occur here at the end of the season. These pools are thus more of the 
nature of road-side puddles, and the rocky substratum has no remark- 
able effect on the flora. A noteworthy feature is the absence of the Vol- 
vocales which Iyengar (1938, 1940) found to be predominant in small 
pools in Madras ; but as Fritsch (1907) has not observed them to play 
an important part in the road-side pools of Ceylon, their absence is not 
surprising. Iyengar (1938) also noticed that the same algae cropped up 
in these pools if there are successive spells of dry and wet weatW, but 
towards the end of the season, the Euglenineae and the Cyanophyceae 
replaced the Chlorophyceae. The blue-greens, however, play a subordin- 
ate role in such waters. Singh (1940) found that the Cyanophyceae 
constituted the greater part of the flora of rain-water pools in Northern 
India. In these pools both the greens and the blue-greens are equally 
important, the former at the beginning of the season, the latter at the ena. 
Except for Euglena proxima at the beginning of the season, the Euglenineae 
are also poorly represented. 

METHODS OF PERENNATION 

With regard to the Oedogoniales, all the species formed oogonia at 
the earliest possible stage — ^in fact, the young vegetative filaments were 
seen to form oogonia almost at the beginning of the season. The early 
formation of oogonia belies the usual view that vegetative growth occurs 
when conditions are favourable, and reproduction takes place when 
adverse conditions are setting in. Oedogonium oelandicuniy hoy/ever, formed 
oogonia in the middle or the latter half of September probably due to 
its late appearance. There were two maxima in the rainfall graph, and 
this form produced oogonia after the second rise, while the others did so 
after the first. It probably needed more concentrated water for sexual 
reproduction, which took place at the end of vegetative activity. 

All the Zygnemaceae formed zygospores in the middle of August and 
with slight diflerences almost at the same time in both years. The com 
ditions for zygos[)ore formation seemed to be the same as those for 
maximumi vegetative growth. Schizomeris Leibleinit was seen to form 
aplanospores in August at the same time as the Zygnemaceae. Of the 
desmids, only Closterium acerosum conjugated in the middle of the season, 
about the first week of September. The other tluree persisted till the end 
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oftht season in the vegetative state. West (igog) has remarked that 
different desmids require diverse conditions for zygospore formation and 
probably that is why only one species conjugated here. Hodgetts ( i g2 1 ) 
observed that while moderate amounts of bright sunshine are sufficient 
for good vegetative development of desmids, abundant bright sunshine 
is necessary for conjugation, particularly of Closterium acerosum. He found 
Closterium acerosum in conjugation when the daily mean, in hours of bright 
sunshine, wasi^bout 7 hours per day. In this case Closterium acerosum con-* 
jugated when there was about the same amount of sunshine per day, 
viz,^ 8 hours which is moderate for India. The other desmids probably 
needed stronger sunshine for conjugation. The hours of sunshine in 
September were high enough for vegetative development of the other 
desmids but not sufficiently high for conjugation. Moreover the ma- 
jority of the desmids was crowded out by the filamentous forms before 
the conditions requisite for conjugation were realised in the pooh. In 
October when the meteorological conditions were ideal for conjugation, 
the pools dried up very quickly and time acted as a limiting factor, 
preventing conjugation. 

When the pools were dry, a little of the mud from the bottom was taken 
and examined. The dried vegetative cells of the desmids were seen in 
the mud. Some of the mud was placed in water in jars in the laboratory, 
but though the desmids showed signs of revival, they were not able to 
flourish for a long time. Iyengar (igsB) has also seen that some desmids 
cope with unfavourable conditions in their dried vegetative state. Prob- 
ably in these pools also, they may be surviving in the same way. 

It has been observed that as«a rule, only a few species of desmids con- 
jugate to survive winter. In Bombay after the rains, heat and not cold is 
encountered and the former is more harmful than the latter. It is there- 
fore possible that a good number of the desmids perish at the close of the 
season in these small collections of water, and that a re-immigration takes 
place the next year from the bigger pieces of water nearby. As the 
majority of the Chlorococcales was seen as stray specimens in the pools, 
it is possible that they too may be coming into the pools from the neigh- 
bouring ponds. 

Of the blue-greens, the following formed resting spores at the end of the 
season, viz^y Gloeotrichia Raciborskiiy Anabaena Fuelleborniiy A, oscillarioides 
and Dichothrix gypsophila. The other spore-bearing forms were unable to 
form spores and probably resisted the dry season in the form of hormogonia. 
Biswas (igas) records that the blue-green algae which grow on road-side 
paths etc. can resist prolonged desiccation. Their mucous sheaths gradu- 
ally lose water and shrivel up and the dried encrustations become reduced 
to powder and are blown about by \^ind. When water is available, the 
dried cells regain their vegetative activity. The hormogones of forms like 
Lyngbya are protected by the persistent sheaths of the {parent filaments, 
while the protoplast itself exhibits a wonderful, capacity to withstand 
desiccation* In these pooU, the filaments of NostoCy Lyngbya and the 
colonial Cyanophyceae were found to dry up at the end of the season and 
it is probable that they adopt the above means of tiding over the dry 
period. 
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SUMMARY 

1) The succession of the algae in a group of rainwater pools around 
Bombay during two monsoons was noted and the occurrence of the 
algae correlated with the meteorological conditions. 

2) The Chlorophyceae were found to predominate at the beginning 
and the middle of the season, the conditions for their good development 
being low concentration of water, moderately high temperature and 
moderate hours of bright sunshine. 

3^ Towards the close of the season the Cyanophyceae were abundant, 
replacing the Chlorophyceae, the conditions for their good growth being 
high concentration of water, high temperature and more hours of sun- 
shine. 

4) The differences between these pools and the pools in other parts 
of India and of Ceylon are noted. 

5) The methods of perennation of the various species arc discussed. 

DESCRIPTION OF THE PLATE 

Plate I. A few of the more common algae found in the Borivli pools. 

Fig. la. Schizomeris Leibhinii Kutz X 406. 

„ lb. f, „ M (aplanospore formation) X406. 

„ 2. Oedogonium qtuidratam Hallas , (formation of oospores) X 182. 

„ 3. „ intermedium 'WittrJi, „ „ „ )xl82. 

„ 4. t, oelandicum Wittr, Him. forma minus Borge X 406. 

„ 6. „ bengalense Him. X 782. 

,, 6a. „ dioicurn Carter femalo filament X 182. 

„ 6b. male 61ament X 1 2. 

„ 7. Zygnema cyano^porum Cleve X66. 

„ 8. Spirogyra pUna (W. & G. S. West) Czurda. X 36. 

„ 9. MougeotialaetUnrens 'Wittr, Xl82. 

„ 10. ^irogonium crylanicum Wittv. X.36. 

„ 11. Tetraedron mutkum (A. Br.) Hansg. forma minor Roinsch. X406. 
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A COMPARATIVE ACCOUNT OF CARBON 
DIOXIDE EXCRETION THROUGH THE SKIN 
IN SOME VERTEBRATES 

By 

J. C. Georoe, 

Department of Biology, Wilson College, Bombay 
INTRODUCTION 

I T is a well-known fact that carbon dioxide is excreted through the 
skin in animals. While this mode of elimination of the gas is clearly 
manifested in animals without special respiratory organs, it has re- 
ceded to the background in others. 

It is known that protozoons, sponges, coelenterates and a large number 
of worms which live in a liquid or moist environment give out carbon 
dioxide by diffusion to the surrounding medium from their body sur- 
faces. The moist skin consisting of an epidermis and a cuticle in the 
earthworms, which is richly supplied with blood from inside, is one of 
the best examples wherein the skin is the chief organ for carbon dioxide 
excretion. Such an elimination is also met with in the molluscs and 
echinoderms though «ome of them possess outgrowths from the integu- 
ment, which are mainly responsible for that function. In the arthropods 
the thick cuticle does not permit such free diffusion and the major portion 
of the carbon dioxide produced in the body is given out through trachese 
in tracheate arachnids and insects, gills in crustaceans and bwk gills or 
lung books in other arachnids. Even so it has been shown that in the 
stick insect Dixippus 25% of the total output escapes through the skin. 

The moist skin of the frog shows a high degree of permeability to 
gases and as such plays an important part in respiration. We have a 
correct estimate of this from the works of Klug (1884) and later of 
Krogh (1904). The former found that the ratio of carbon dioxide given 
out by the lungs to that given out by the skin varied in the different 
specimens investigated by him from i : 2.5 to i : 4.46. The latter who 
made a more et^ustive and precise study of respiration in the frog 
found thiit in Ranafusca at a temperature of ro^G. the average ratio of 
cutaneous carbon dioxide output to that of the lungs based on experi- 
ments conducted throughout the year is 45 : tag. He further observed 
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that more carbon dioxide is eliminated through the skin in R. esculenta 
than in R.Jusca. 

In terrestrial vertebrates cutaneous respiration becomes restricted. 
But as carbon dioxide diffuses through animal tissues much more rapidly 
than oxygen, and as the mammals have a large number of glands in the 
skin an appreciable amount of carbon dioxide is excreted thorough the 
skin. C. R. Giuseppi Franchini and Luigi Preti (1908) carried out experi- 
ments on their own hands and arms and from the results obtained cal- 
culated that the whole body gives out at 36^0. 4 . 8 litres of carbon dioxide 
in 24 hours, which amount is about 1% of that given out in pulmonary 
respiration. While the elimination of carbon dioxide through the skin 
in mammals has been recognised, it has been regarded as negligible in 
reptiles and birds which possess a non-glandular skin. The possibility 
of an appreciable amoimt of excretion of carbon dioxide through the 
skin in these animals, especially the reptiles — ^the group being interme- 
diate in structure between the amphibians and mammals — ^was not 
experimentally tested or even suspected. Having been convinced of its 
theoretical possibility, I thought of testing it in the common lizard Calotes 
versicolor. By way of comparison it was also estimated in the frog {Rana 
tigrina)^ rabbit, bat {Lyroderma lyra)^ cat and my hands. 

Here I may express my gratitude to my professor Dr. C. J. George who 
suggested the problem and to Dr. S. C. Devadatta who has given much 
valuable advice. My thanks are also due to Prof. J. A. Nabar for various 
suggestions. 


EXPERIMENTS 

Fig. I illustrates the apparatus used to estimate the carbon dioxide 
output through the skin as well as that from tlie whole body, when an 
animal is in a state of rest. The bulb of tube A contains soda lime. The 
conical flask B is partially filled with clear^ filtered lime water. The jar 
C holds the animal concerned tied up to a tripod stand. In experi- 
ments for testing the total output, the animal is confined in the jar 
while in those for estimating skin output, its head is made to protrude 
through a small hole in the lid of the jar. Control experiments are con- 
ducted without the animal. The jar G is made airtight by applying 
sticking plaster and melted paraffin wax around the lid and when 
necessary around the neck of the animal and other crevices. In the 
conical flask D is placed clear, filtered lime water. The aspirator jar 
E is filled with water. B, D and E are also completely made airtight 
by sealing them with melted paraffin wax. Water is made to trickle 
down from the aspirator jar by adjusting the clamp attached to the outlet 
tube. As the water from the aspirator jar is run out, air is sucked into 
the vacuum formed in the jar. As this air passes through the soda lime 
in A and the lime water in B, all its carbon dioxide is absorbed and air 
free from that gas reaches the animal in the jar C. The carbon dioxide 
given out by the animal is absorbed in the conical flask D by the lime 
water. The calcium carbonate formed in the flask is filtered out, dried 
and weighed. No precipitate of calcium carbonate occurred in the 
flask in the control experiments without using the animal. For emptying 
eight jars of water (40.56 litres) it takes about four hours, and ca« 
experiment lasts for such time* 




Fig. I 




49 


fiokPARATIVE account OF CARBON DIOXIDE EXCRETION 



If from the weight of the calcium 
carbonate precipitated in the lime 
water the amount of carbon dioxide 
given out is calculated, there is 
likely to be some error on account 
of impurities such as water, keratin 
released from the animal, and also 
calcium oxide which may be present 
in the precipitate. The precipitate 
is therefore subjected to decompo- 
sition by hydrochloric acid and the 
weight of carbon dioxide released is 
ascertained. The apparatus used for 
this purpose is illustrated in Fig. II. 
The apparatus consists of the conical 
flask F in the bottom of which is 
placed the calcium carbonate preci- 
pitate. The dropping funnel G is 
filled with concentrated hydro- 
chloric acid, whose quantity leaves a 
surplus after decomposing the whole 
of the precipitate. The apparatus 
with the'acid-filled dropping funnel 
is first weighed. After this all*thc 
acid is dropped from the funnel on 
the precipitat*' The apparatus is 
kept thus till all chemical action 
stops. It is then weighed. The loss 
of weight gives the weight of carbon 
dioxide evolved from the precipitate. 


Fig. n 

The following tables give the mean of the results of the various experi- 
ments. 
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DISCUSSION 

The int^e of oxygen and the output of carbon dioxide through the 
skin of animals depend upon the nature of the skin, and the amount of 
its blood supply. The invertebrate skin is a simple structure consisting 
of a’ single layer called the hypodermis. The hypodermb of sponges, 
coelenterates and echinoderms consists of a single layer of flat epithelium. 
In the worms it is ciliated or columnar. The permeable cuticle of the 
worms is a secretion of the epidermis. Thus constituted, the inverte- 
brate skin is highly permeable to gases, the exception being that of arthro- 
pods with thick exoskeleton made of chitin. 

Among the chordates the epidermis of th^ tunicates is much like the 
hypodermis of the invertebrates in its nature and functions. It also 
secretes a cuticle which is unique in being supplied with blood vessels. 
In amphioxus the compoimd integument of the vertebrates consisting of 
epidermis and corium is exhibited in its simple form inasmuch as the 
former consists of only a single layer. The epidermis of the cyclostomes 
is glandular, thin and without scales. That of fishes is similar, but 
scaly. The skin of the frog is non-scaly, thin and glandular. Moreover 
it receives a copious blood supply. That of reptiles and birds is thin, 
dry and in the former mostly scaly. The mammalian skin is generally 
glandular, thick and in rare cases with scales. The nature of the skin 
in the various classes of vertebrates can be summed up in the words of 
H. E, Walter: “There is a tailored snugness about the skin of the fish 
that is not apparent in the baggy jacket of the frog, the loose integument 
of the bird, or the comfortable wrinkles of the mammalian skin.” 

Compared to the lower invertebrates like the earthworm, the respi- 
ratory function of the skin is limited in the vertebrates. This is due pri- 
marily to the comparatively thick epidermis which occurs in several 
layers. Even so, the skin of the frog has been shown to be highly respira- 
tory. There are some salamanders which are lungless and therefore 
use their skin as the primary respiratory organ. In these amphibians 
the skin is able to perform its respiratory function so well because it is 
richly supplied with blood. 

From the results of the experiments given above, it is evident that 
Calotes also utilises its skin as a respiratory organ, since a considerable 
amount of carbon dioxide is excreted through it. From the dissections 
carried out we find that a fairly good supply of blood vessels reach the 
skin, though not to the same extent as in the frog. This is contrary to the 
general belief that the dry skin of the reptiles and birds is not respiratory. 
What Walter says below is typical of the belief on the subject : “The 
reptiles as a group arc definitely committed to life on la^d, in spite of 
certain backsliding exceptions, and this fact has left its modifying impress 
upon the skin, which is no longer thin, moist and respiratory, but thick 
and cornified against exposure to dry air.” 

The output of carbon dioxide through the skin of the pigeon is 7.6% 
of that given out through the lungs. The skin of the pigeon is thinner 
than that of CSalotes and is not supplied with blood to the same extent. 
This animal therefore uses its skm for respiratory purposes only to a 
limited extent. 
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Among the mammals there is possibility of diffuiion through the 
epidermis as well as evaporation through the secretioni of glands when 
they arc present. The amount of carbon dioxide thus given out through 
the skin in man has been found by Giuseppi Franchini and Luigi fteti 
to be J% of the pulmonary output. The corresponding Sgure for the bat 
is 35 %. This high figure is due to the large amount given out through 
the vast expanse of the patagium by diffusion. In the rabbit it is 7.6%. 
These figures indicate that man uses bis skin to a much less extent for 
carbon dioxide elimination than the other air-breathing vertebrates 
tested (Calotes^ pigeon, bat and rabbit). 

By taking into account the total surface area of the animals, the above 
figures can be utilised to estimate the output of carbon dioxide for a cer- 
tain area. Thus the amount given out from 1000 sq. centimetres of the 
skin in 4 hours is found to be in the frog 97.3 c.c., in Calotes 67.9 c.c., 
in pigeon 29.8 c.c., in man 37.0 c.c., in bat 18. i c.c. and in cat 10 c.c. 
In man and rabbit, the output is through diffusion and evaporation. In 
the lizard Calotes, pigeon and cat it is mostly due to diffusion as there are 
either no glands or only a few. The greater permeability of the skin of 
the lizard and pigeon compared to the glandular skin of the mammals is 
obvious. 


SUMMARY 

1. The excretion of carbon dioxide through the skin of the frog when 
at rest is 225% of that through the lungs, in Calotes 85%, in pigeon 7.6%, 
in man 1%, in bat 35% and in rabbit 7.6%. Appreciable quantities of 
that gas are therefore eliminated through the skin. 

2. The volume of carbon dioxide excreted through an area of 1000 
sq. cms. of the skin in four hours in the frog is 97 . 3 c.c., in Calotes 67 . 9 c.c., 
in the pigeon 29.8 c.c., in man 37.0 c.c., in bat i8. i c.c. and in cat 10 c.c. 

3. Two modes of excretion of carbon dioxide from the skin arc pos- 
sible. One is through diffusion through the epidermis, and the other is 
through the glandular secretions in which the gas is dissolved. A factor 
which augments the elimination of carbon dioxide through the skin is its 
blood supply. 

4. Among the animals experimented on, the least output of carbon 
dioxide through the skin is in the cat as it excretes only 10 c.c. in 4 hours 
from an area of looo sq. cms. This is naturally expected as the epidermis 
is thick and sweat glands are absent except on the paws. 

5. Next comes the bat with 18. i c.c. per 1000 sq. cm. in 4 hours. 
Tins is also not surprising since the bat offers a laige surface for diffusion 
in its patagimn. 

6. The corresponding figure for pigeon which comes next is 29.8 
c.c. This high amount of output is possible as the epidermis is thin* 

7. Next in the scale comes man with 37 . o c.c. This is mainly due to 
the large number of sweat glands though the epidermis is comparatively 
thick. 
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8. Galotes ranks next sa it can eliminate 67.9 c.c. This high figure 
is the result of comparatively thin epidermis, and the tolerably good 
blood supply of the skin. 

o. The frog which tops the list with 97 . 3 c.c. has a thin and glandular 
epidermis which is richly supplied with blood, from below. 

10. The general belief that the skin is ho longer respiratory in the 
reptiles as it is dry is not borne out by the experiments on Calotes. On 
the contrary it is shown that it plays a very si^ificant pait as it excretes 
€7.9 c.c. per 1000 sq. cms. in 4 hours against 97.3 c.c. in the frog. 
This is natural since lizards come next as representatives cf reptiles in the 
evolutionary scale. 
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INTRODUCTION 

T he fish eg^s and larvs — important constituents of plankton from the 
fisheries point of view, have been widely studied in different waters 
for many years past. However no work on the subject has been so 
far done in Bombay, although a large number of edible fishes is found 
along the Bombay coast. The writer was therefore advised to go to a 
place like Liverpool and to get himself interested in this kind of work. 

The University of Liverpool has a department of Oceanography and 
also a Marine Biological Station at Port Erin, Isle of Man. Here the 
plankton in general of the Irish Sea to south-west of the Isle of Man has 
been intensively studied over a number of years by Herdman, Scott, 
Johnstone and others. But the fish eggs and larvae have not received 
sufiScienlT attention, apparently due to the extensive nature of the work. 

It was therefore suggested to the writer by Dr. R. J. Daniel, D.Sc.» 
the then Director of the Port Erin Biolt^cal Station, to undertake a 
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s^tematic investigation of fish eggs and larvse of the Manx Waters in the 
vicinity of Port Erin. Accordingly this work was carried out for about 
two years 1939*40. Some of these observations have been published in 
England (Bal 1940 and 1941), and the rest is being published in this 
Journal partly due to war and partly due to its general interest. 

I am ^eatly indebted to Dr. R. J, Daniel, D.Sc., Lecturer in Fisheries, 
University of Liverpool, for his ever willing help and advice during the 
course of these studies. I should like to thank Ab. W. C. Smith, Curator, 
Port Erin Biological Station, for his kind assistance in the collection of the 
material, and also the authorities of the University of ^mbay for award- 
ing to me the Sir Mangaldas Nathubhai Technical Scholarship for work 
in fisheries. 


AREA OF INVESTIGATION 

The area investigated lies between the south-west coast of the Isle of 
Man and two miles off-shore and is continuous along the coast for nearly 
four miles. It lies outside the entrance to Port Erin Bay, but the bay 
itself is also included. If Bradda Head, on the north side of the entrance 
to the bay, is taken as centre, an area of two miles radius includes the 
positions of practically every haul. 



Chart showinff the Area of Investigation near Isle of Man 

This area was suitable for reasons additional to its closeness to Port 
Erin Biological Station. Here are open sea-conditions which may be 
taken as representative of this part of the Irish Sea, with dear water and 
depths favourable for spawning purposes. Owing to the proT^ity of 
land, however, the tidal streams run more fiercely in this region than 
outside, and as a result large masses of water move in and out on the 
flood and ebb tides, carrying with them fish eggs and young from beyond 
the particular area under survey. Proximity to the shore is equally 




56 


JOURNAL OF THE UNIVERSITY OF BOMBAY 


important because the eggs and larvae of shore fishes appear in their due 
season to augment the population. 

It may be noted in this connection that the harbour at Port Erin dries 
out at each tide. The motor boat was used as soon as she was afloat, 
so that the collections were taken at different hours of the day but at 
approximately the same state of the tide, when the flood was well made 
and a large mass of water had invaded the area. X^e eggs and larvae 
under discussion, therefore, may have the added value of being augmented 
from a wider region. 


APPARATUS 

Two nets were used in the present investigations : — 

1) A Young-Fish Trawl. 

2) A Surface Tow Net. 

The young-fish trawl was made exactly half the size of the Plymouth 
young-fish trawl (Clark 1920), using stramin for the mesh work. This 
was because it was necessary to regulate the* size of the nets to that of the 
motor boat available fo^ the working of them. 

The advantage of having a young-fish trawl with half the catching 
capacity of the Plymouth model lies in the fact that, if necessary, direct 
comparison may he made of catches from a quantitative point of view. 
The efficacy of the young-fish trawl as a quantitative net has been 
discussed by Gardiner and Graham (1925). 

The surface net, made of No. gxx silk bolting cloth, had the follow- 
ing dimensions : 

Diameter of Ring 24 inches 

Length of Canvas Top 31 ,, 

Length of Silk Bag 51 , , 

The surface net, thus, had 1/3 of the catching area of the fish trawl, 
although the coefficient of filtration in the two nets was not the same owing 
to the differences of mesh in the materials used. The nets were as far 
as possible towed at a constant speed and usually, excepting on one or 
two occasions, for fifteen minutes. 

The young-fish trawl was operated on all but one occasion outside 
Port Erin Bay and the surface net Was used along with it for certain hauls. 
The latter net was also used frequently inside the shallow waters of the 
bay when the state of the tide permitted in order to detect any diffeiences 
in the distribution of eggs inside the bay and outside. 

The fish trawl was actually used at different depths of water by paying 
out various lengths of warp between to 90 metres. In the absence 
of a depth finder, the distance of the net below the surface for various 
lengths of warp was found out in the following manner. 

A li At line was fastened to the mouth of the net and suspended from 
a small boat which, by keeping pace with the towing boat, kept the 
measuring line a^ vertical as possible. It was possible in this way to 
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ascertain by trial the different depths at which the net was fishing. The 
rate of towing was always kept as constant as possible, and the following 
table gives the amount of warp out and the corresponding fishing depths. 


Length of Warp in metres 

i8 

27 

36 

45 

54 

63 

72 

90 


Fishing Depths in metres 

4- 5 
5 

5- 4 
5-8 

6.3 

6.6 

6.8 

7‘2 


The depths given for 27, 45 and 63 metres of warp in the above table 
have been obtained by interpolation \ each one is referred to only once 
in the text. 


MATERIAL AND METHODS 

The material consisting of 24,735 fish eggs was obtained from samples, 
taken once or more a week, weather and other condition'i permitting, for 
a period of about eleven months, beginning in February and ending in 
December 1939. 

72 out of a total of 95 hauls with the young- fish trawl contained fish eggs 
or larvae or both ; similarly 45 out of 56 hauls with the surface net turned 
out to be successful and 14 of them were from Port Erin Bay. Most of 
the samples from October onwards were lacking in fish-eggs and larvae. 

Some of the eggs, while fresh, were hurriedly sorted out in the labora- 
tory under a binocular microscope and placed in plunger jars. The 
larvae hatched from them were reared until they had developed some 
distinguishing features, useful for the identification of the species. The 
rest of the material was fixed in formalin and was subsequently studied 
at Port Erin Biological Station and at the Department of Oceanography, 
Liverpool University. 

Some of the large number of preserved eggs were measured under the 
microscope by means of a micrometer eye-piece and their ^^diameters are 
expressed below in millimetres. 

It is proposed here to deal in detail with the eggs taken with the young- 
fish trawl, species by species, and then to add for each species a short 
account based on observations of the surface net catches. 

The order of the species followed in this paper is according to the Fauna 
Ichthyologique dc L’Atlantique Nord, 1938. 

10 (IX) 
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THE FISH EGGS 
I . Qiipet sprattas (L) —Sprat 


Youno-Fish Trawl 

More than 2,000 sprat eggs were taken at depths of 4. 5 to 7 metres as 
a result of fifty-four drags with the half-sized young-fish trawl during 
the season April to August 1939. They occurred regularly in the 
samples and were placed second in the numbers recorded for the various 
species of eggs taken by this trawl. It is apparent that sprat eggs are 
more abun&nt in the Manx waters than could be expected from the 
scanty references to them made in past reports. 

The eggs of this fish are readily recognised because they are not truly 
spherical, a fact already noted by Buchanan-Wollaston (1911). The 
segmented nature of the yolk is equally characteristic and is plain in 
fresh and also in preserved eggs, in which the cleavage has begun. The 
eggs capsule is thin, enclosing white and transparent yolk. The larger 
sized sprat eggs may occasionally be confused with small whiting eggs, 
but the yolk of the latter is yellowish and vacuolated. They can also 
be distinguished from large dab eggs by not being truly spherical. The 
present identifications of sprat eggs were confirmed by hatching out a 
number of them in plunger jars. 

The eggs were first obtained at the beginning of April and were then 
found in all the samples until the end of the first week in August. The 
spawning period, therefore, extends over five months or more; Robert- 
son (1938) gives an account of spawning times in other areas. In Manx 
waters the number of sprat eggs was highest in May (see table i) and 
the figures of weekly averages show the peak of the spawning to be during 
the third week of that month. Smaller fluctuations in the average num- 
bers reflect the irregularities of the hauls fr6m week to week. 
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Average Number of Eggs per Haul Week by Week. 


Week 

April 

May 

i 

June 

July 

August 

I 

U.6 

25.1 

38.6 

16.5 

5.2 

11 

.... 

48.3 

2 

31 

0 

m 

63.6 

219.3 

26.7 

17.3 

0 

IV 


58.6 

16.6 


0 


Some eggs from each haul were measured in order to find the varia- 
tions in dimensions throughout the whole season. The minimum and 
maximum diameter of sprat eggs was thus o.8o and i .06 mm. respec- 
tively. It is not necessary to give here the diameter of every egg mea- 
sured from each sample, instead it will be sufficient to state only the 
average diameter for the following months of the spawning period. 


Month 

Average Diameter in mm. 

April 

0.98 

May 

0.95 

June 

0.91 

July 

0.89 


The above figures show that the average diameter is less as the spawning 
advances. 

Surface Net 

There were 998 sprat eggs in thirty surface net samples, eight of which 
were from Port Erin Bay. The eggs were found, therefore, both inside 
and outside the Bay, which is a fiurther evidence of their abundance 
around Port Erin. These catches with the surface net, as well as those 
taken at greater depths with the young-fish trawl, show that sprat eggs 
are distributed in the upper as well as the lower layers of water, which 
agrees with the findings of F. S. Russell (March 1926) at Plymouth. 

Eggs appeared first in the surface net in the last week of March, that 
is, earlier than in the fish-trawl ; but they ceased to o^cur in both nets 
early in August and the spawning time may, therefore, be stated as March 
to August. 

In the hauls of both nets the numbers of eggs taken were liable to fluc- 
tuations and at one period, the third week in April, the surface net ob- 
tained its biggest haul • It is not considered, however, that this is the peak 
of the spawxung, because after this period the catches are more equable 
and show a steady rise to May which is to be regarded as the true maxi- 
mum. The disconcerting irregularities at the beginning of the spawn- 
ing season are probably due to fortuitous circumstances which have 
concentrated the eggs at certain times. 















6o 


JOURI^AL OV <ji4ivttftarW 6# MiAAIt 


The diameter of the eggs ranges between o.8i to i .sa mm., and thus 
the variation is higher than stated for the young-fish trawl. Ehrenbaum 
(1905—09) gives o . 82 to 1 . 23 mm. as the size of eggs from the North Sea. 

2 . Argeotiiia sphyraeoa (L)— Lesser Silver Smelt % 

Youno-Fjbh Trawl 

This species is not uncommon in British waters, but its eggs do not 
Seem to have been recorded from the Irish Sea. The eight eggs reported 
here have, therefore, a special interest. 

These pelagic eggs are comparatively large, and so is the contained oil 
globule which is almost colourless, but it appears yellowish or pink when 
preserved. The yolk is made up of numerous cell-like vesicles which 
are similar to those found in Clupeoid eggs. It is possible, therefore, to 
confuse the egg of this species with that of the pilchard; but this can be 
avoided by a glance at the size of the oil globule which is more tha twice 
the size of that in the pilchard egg. In addition the egg capsule bears 
very fine hair-like striations 

The eggs under discussion were obtained from six different hauls of 
the fish-trawl at depths stated below, but none was present in correspon- 
ding surface net samples. It may therefore be argued that they float a 
little below &e surface, which might account for the absence of past 
records in this area. The first egg occurred on 6th of April and the re- 
maining seven during the month of May. The spawning thus seems to 
take place during April and May, probably even earlier, for well-deve- 
loped ovaries were found in two specimens of A. sphyraena^ caught in the 
month of February, and preserved in Port Erin Museum. 

The diameter of the eggs and oil globule varies between i . 70 to 1.84 
mm. and o . 40 to o . 45 mm. and thus the oil globule is less than one-fourth 
of the size of the egg. The full details of the eggs are as under : — 


Bate 

Depth m 
metres 

No. 

Diameter of 
Egg in mm. 

Diameter of Oil 
Globule in mm. 

6-4-39 


1 

1.84 

0.41 

3-5-39 

6.8 

1 

1.81 

0.43 

8-5-39 

4,5 

3 

1.80 

0.40 

10-5-39 

4.5 

1 

1.70 

0.45 

18.5-39 

4.5 

1 

1.70 1 

Not clear 

20-5-39 

4.5 

1 

1.76 

a 


Two of them were put in the plunger jar and the hatched larvae re- 
sembled those of A, sphyraena in every respect. Their elongated body 
characterised by the black pigment patches as figured by Jobs Schmidt 
(igo6). One of them was for a short time removed from the jar for the 
Sake of identification and measurement, but it died some hours after 
being returned to the jar. It was then found to have lost about 2 mm. of 
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its original length of g mm., which is an interesting reflection upon the 
amount df shrinkage that takes place in larvae after death. The other 
larva Was killed before the complete absorption of the yolk-sac for pur- 
poses of record. 


3. Oadus callirias (L)— Ck>d 


Youno-Fxsh Trawl 

The cod, being a very common fish in this district, forms an important 
fishery in the winter in the vicinity of Port Erin. Its eggs, also found in 
large numbers, are third in order of abundance in our fish trawl records. 
The abundance of their occurrence is, in addition, proved by the presence 
of the many larval and post-larval stages in these samples from April to 
jxme. 

The cod eggs can be identified by their large size and thick yellow yolk. 
Kramp (1913) stated that cod eggs have a non-iridescent pellicula and 
the description is applicable to those from Manx waters. The egg cap- 
sule is, moreover, thick, although not so much as that of the plaice. The 
eggs containing embryos are easily recognised because the latter have 
characteristic black pigment patches^ Many of them were hatched in 
plunger jars in order to verify the identification. 

There appeared in these collections some lemon-sole eggs at the be- 
ginning of May and there was an occasional difficulty in separating the 
two by size alone. Lemon-sole eggs, however, unlike those of cod, have 
striations on the capsule which form a distinguishing feature. Some 
whiting eggs, also, are similar in size to cod eggs, although the former 
unlike the latter contain loose vatmolated and pale yellow yolk. 

1,305 cod eggs were obtained between February 1 uth and May 1 8th and 
accordingly the spawning time was longer this season than has been re- 
corded previously for Manx waters. The following weekly averages 
show that the number of eggs is high at the end of March and is abundant 
during the third week in April. It falls suddenly after this date and there 
were no records after the third week of May. 


Average Number of Eggs per Haul Week by Week 


Week 

February 

March 

April 

May 

I 

0 

6 

59.3 

23.8 

11 

1 

14 

•• 

15.3 

in 


- 

S41 

1.3 

IV 

18 

?14 

6 

0 


The diameter of the eggs varies between 1.15 and 1.58 mm., which 
nearly agrees with that of lemon-sole eggs. The average diameter, 
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month by month, is as under, although the figure for February if obtiliiied 
irom few eggs. 


Month 

Average Diameter in mm. 

Febroary 

1.49 

March 

1.47 

April 

1.40 

May 

1.28 


Surface Net 

1,415 cod eggs were taken with the surface net and this number is 
proj^rtionately bigger than that recorded with the young fish trawl. 
Their regular occurrence in both the nets shows that they are generally 
distributed in this water but nearer to the surface, and that they arc com- 
mon inside the bay, though more so in the open area outside it. 

The weekly average figures (see table IV) fluctuate at intervals and 
reach their maximum some time in the third week of April as in the other 
net. The average for the second week in March, when cod eggs first 
appeared in the surface net, is unusually high and may be attributed to 
a sudden influx of cod eggs into the bay due to inshore winds. 

The largest egg measured being 1.60 mm. in this case, the range of 
variation in size may be stated as i . 15—1 .60 mm. 

4. Gadus minutus, O. Fr. Muller— Poor cod 


Surface Net 

Herdman (1902) states that this species occurs in our district, but it is 
not included in the Marine Fauna of the Isle of Man (1937). A. Scott 
(1913) wrote that the eggs of the poor-cod were certainly represented in 
the plankton from the south-west of Man, although he only separated 
them from those of gieen-cod, bib and certain other gadoids provision- 
ally. This and such other records indicate the presence of the poor-cod 
eggs in this neighbourhood. 

It is a well known &ct that some gadoid eggs overlap in their sizes and 
are thus difficult to distinguish with certainty. At the same time it seems 
possible to identify many of them by comparison of their diameters. The 
diameter of 299 eggs under consideration varies between 0.90 to 1.06 
nun. which is within the range of a gadoid, having small sized eggs. 
Ehrenbaum (1905 — 09) gave 0.95 to 1.07 mm. as the range of size of 
the poor-cod eggs, and Hefford (1910) o.gi to i .02 as the size of eleven 
eggs taken from a ripe female. The above eggs, therefore, have been 
identified as those of the poor-cod. The smaller whiting eggs approach 
in size tq* the larger poor-cod eggs; but there is not much possioility of 
confusion here since such whiting eggs are very few in Mar(m and April, 
the time of occurrence of these eggs. 
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The above eggs were obtained from twelve surface net samples, both 
from inside and outside Port Erin Bay. They were found first on March 
9th and last on April i8th, and thus the period of occurrence seems to 
have been short during 1 939. Their average diameter for March— April 
was approximately o.gS mm. 

5. Oadus merlangus (L)— Whiting 


Young-Fish Trawl 

Whiting eggs were plentiful and numerically highest amongst the eggs 
of the different species found in the young-fish trawl hauls. 

They may be identified with the help of the egg-capsule, appearance 
of yolk and by size. The egg-capsule is thinner tlun that of the cod egg 
and if examined minutely is found to be slightly rough. The yolk is 
vacuolated and the small vesicles are distinctly visible in eggs containing 
embryos, in which case they are easily distinguished from the eggs of 
allied species. The size of the egg is likewise useful in identification, 
although not so important as the other two characters. It has been 
stated in literature that occasionally there is a difficulty in separating 
with certainty some whiting eggs from those of the other gadoids, owing 
to overlapping in size, and certainly confusion may arise when size alone 
is considered. The present identifications were checked, however, by 
hatching out a large number of eggs in plunger jars. 

Whiting eggs are so common in the collections that their number 
amounts to 4,814, out of which 1,493 occurred in one drag alone. They 
first appeared on Febr,uary loth and then continued to do so almost 
regularly up to the first week in June. The number of eggs rose at the 
end of March and was abundant for about thiee weeks in April. It 
remained fairly high in the first half of May and then completely dis- 
appeared early in June. The spawning period of the whiting, therefore, 
lasts over five months — ^February to June. 

In addition the following figures of weekly averages indicate that the 
actual peak of the spawning falls somewhere in the first week of April. 
This peak is probably maintained during the following week but unfortu- 
nately no haul could be taken at that time. However, the average num- 
ber in the third week of the month is still very high and may be regarded 
as continuous with the early April maximum. 


Average Number of Eggs per Haul Week by Week 


Week 

February 

March 

April 

May 

Jiiiro 

I 

0 

21 

887 

80.8 

2 

II 

15 

6*i 

.• 

90.1 

0 

III 

.. 

• • 

762 

7.6 

0 

lY 

66 

242 

55 

8 

0 
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Many eggs were measured and the measurements show that the dia«* 
meter of whiting eggs varies between 0.96 to 1.33 mm. which is nearly 
the same as 0.97 to x .32 mm. quoted by Ehrenbaum (1905—09) for the 
North Sea. The average diameter during months of the spawimig sea- 
son is as follows : — 


A 

Month 

. 

Average Diameter in mm. 

, V.- . 

February 

1.21 

March 

1.1^ 

April 

1.12 

Alay 

IMS 


The average for February is calculated from only two hauls of few eggs 
and none is stated for June, since only six eggs were taken in that month. 

Surface Net 

The number of whiting eggs obtained by this net was 3,072 which is 
second in order of total abundance. Their abundance in the fish trawl 
proves, in addition, that they are most common in this area and that they 
are distributed in different layers of water fished through, although in 
the greatest numbers near the surface. It may be noted in passing that 
the eggs are usually found both inside and outside the ba/. 

The average number of eggs in the first and third weeks of April is 
again very high, which, therefore, agrees with the findings of the fish 
trawl. There is, however, an exceptionally high average for the second 
week in March and this irregularity, as already explained for cod eggs, 
is an effect of a sudden concentration of eggs within the bay, 

6. Molva molva (L)— Ling 


Young-Fish Trawl 

The common ling is an important commercial fish, and is common to 
the West of the British Isles. Its larval and post-larval stages are also 
well known. There seems to be no record of its eggs, however^ although 
they were mentioned in .the last century by McIntosh and Prince, and 
Holt. A. Scott (1913) has recorded a single egg of M, vulgaris Flem. on 
27th April 1908 in Manx waters. 

It is, therefore, important to record 176 ling eggs in one season. The 
eggs, though small, contain a large pale-green oil globule, about one 
fourth of their size. The egg-capsule is thick, appearing as if made up 
of two layers — an inner and an outer, as figured by McIntosh and Master- 
man (1897). The eggs of turbot nearly approach these eggs in size and 
are often found in the same samples, but they can be separated by means 
of the oil globule which is much smaller than that of the ling. 

Some of them had embryos, having almost a regular double line of 
black chromatophores along the back as described by Ehrenbaum 
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(1905 — 09). Such eggs also have black chromatophores on the oil glo- 
biflc and a few scattered in the yolk, and thus the pigmented embryos 
are useful for identification purposes. The remaining eggs appear to 
have been freshly spawned and the question therefore arises as to where 
this spawning took place. It is generally held that ling favour water 
90 — aoo metres for this act ; see, for instance, Meek (1916) and Howell 
(1931). Now such depths of water in the northern part of the Irish Sea 
are only found over a channel, the eastern edge of which, with a depth of 
108 metres, lies ten miles to the west of Port Erin Bay. 

Two ling eggs occurred first on the i8th of April and others continued 
to appear in small numbers up to the 23rd of August. The spawning 
period, thus, extends from April to August, which appears to longer 
than that given for previous British records. Meek (1916), however, 
writes that “Spawning also takes place at the Faroes, and to a large extent 
west of Scotland in April, May and June, and the season may extend into 
July or August. This is also the case for the west of Ireland, as Holt 
stated.” It will be seen from Table I that more eggs are found in Manx 
waters during July and August than in the earlier months of the spawning 
season. In addition, the ^ures of the weekly averages indicate that the 
peak of the spawning is reached during the third week in July and that 
the average for the first week of August is fairly high. It can be inferred 
from the material in hand that the spawning is high during these weeks 
and then falls away. It is more usual for spawning to be most intense 
at or near the middle of the spawning period. This is certainly the case 
with the majority of species that spawn in these watersand it may be argued 
that the influx of ling eggs towards the end of the spawning season was 
due to a drift into our area fromjiome neighbouring ground. In that 
case the ling may be sjjawning some distance from Port Erin, at greater 
depths than are found in the coastal area under examination. 


Average Nwnber of Eggs per Haul Week by Week, 


Week 

April 

May 

June 

July 

August 

I 

0 

0.6 

0 

11 

12.i 

II 

. . 

0.5 

0 

1.5 

2 

III 

1 

0.6 

1 

5.2 

13.3 


IV 

0.5 

1 

0.7 

0.4 

.. 

1 0.4 

I 


The diameter of the eggs and the oil-globule lies between 0.96 and 
1.09 mm., and 0.27 and 0.32 mm. respectively. These dimensions 
are nearly the same as those given by Ehrenbaum (1905 — 09) for the 
North Sea eggs, but those quoted by some workers for specimens from 
near British coasts range between i .^7 and i . 10 mm. for the eggs, and 
0.30 and 0.40 mm. for the oil globule. 

11 (H) 
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There are few eggs to be measured, some hauls containing only one 
egg; the following monthly average diameters are> therefore, approxunate 
and subject to some alteration. 


Month 

Average Diameter in mm. 

April 

1.04 

May 

1.03 

June 

1 03 

‘ July 

1.01 

August 

1.00 


Surface Net 

Twelve ling eggs (see Table II) occurred in six surface net samples, 
one of which was from the bay. The evidence from the catches with the 
fish trawl tends to show that the ling eggs are taken in greater numbers 
just below the water surface, and that may account for their poor number 
in this net. It may even explain the cause of their absence from past 
Manx records, which were mostly taken with the surface net. 

7 . Ooos mustela (L) — ^The Five Bearded Rockling , 
Young-Fish Trawl 

Rockling eggs, which are very common in this area, occur over a pe- 
riod of seven months. The majority of them are referred to 0. mustela 
and only a few to 0 . cimbrius as discussed below. 

It was found that from June onwards there occurred two distinct kinds 
of rockling eggs — one consisting of slightly larger eggs with a correspon- 
dingly large oil globule, and the other vice versa. The former seem to 
belong to 0. cimbrius and the latter to 0. mustela as the dimensions of the 
egg and oil globule of the four bearded rockling appear to be greater than 
those of the five bearded rockling for corresponding months of the spawn- 
ing period. 

The eggs of the five bearded rockling are usually recognised by means 
of their size, oil globule and egg-capsule as already described by other 
workers. The corrugated look of the latter is especially useful in differ- 
entiating them from the eggs of the Norwegian Top-knot (S. norwegicus, 
Gunther) and the Rainbow Wrasse [C. julis^ L.), because in other respect 
the eggs of these three species are not very dissimilar. The size of the 
oil globule is also helpful in separating the eggs of this species from those 
of the Four Bearded Rockling and, to some extent, from those of the Norwe- 
gian Top-knot. 

n 

O. mustela eggs have been^recorded previously from January onwards 
but in the present season no hauls were taken in January, and only three 
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in February, which had no rockling eggs. They were here noted first 
in a drag on March 3rd and last on September 22nd ; and were taken 
regularly in every haul during March, April and May, and at intervals 
fi:om June to September. This species has, therefore, a much more ex- 
tended spawning period than the majority of other fish, lasting over 
seven months or more (see Table I). 

The occurrence of these 380 eggs is rather irregular and hence it is not 
possible to note with certainty the time of the maximum spawning from 
the weekly averages given below. It can, however, be reliably said that 
the spawning is intense in March and April, and this is further supported 
by the figures for the surface net (see Tables II and IV). 


Average Number of Eggs per Haul Week by Week 


Week 

March 

April * 





Sept. 

1 

37 

9.6 

5 

8.6 

0.6 

1.2 

0.6 

II 

2 


10.6 

1 

2 

0 

.. 

III 

1 

23.6 

4 

3.5 

0.3 


0 

IV 

28 

1 

7. .5 

8.7 

0.2 

•• 

0 

0.2 


The size of 0 . rrmstela egg and of the oil globule ranges between 0.66 
and 0.91 mm. and o. 12 and o. ig mm. The average monthly diameter 
of the eggs, excepting months wiUvonly few eggs, is as follows : — 


Month 

Average Diameter in mm. 

March 

0.80 

April 

0.80 

May 

0.78 

June 

0,73 


Surface Net 

5818 0. mustela eggs, being first in order of abundance, were obtained 
with the surface net, although only 380 were recorded with the fish-trawl. 
These numbers clearly point out that the rockling eggs are commoner 
at or near the surface than in the deeper layer of water. A comparison 
of individual hauls reveals, furthermore, that the eggs occur in greater 
number in the bay than in the area outside it. Probably this is due to 
the rocklings spawning inside the bay itself and in this way augmenting 
any supply of eggs that may be carried in. 

The diameter of the eggs varies between 0 . 64 and 0 . 98 mm. , the maxi* 
mum being thus greater than stated above. It may be added here, that 
occasionally some eggs instead of having one oil globule, contain two or 
three. 
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. 8. 0008 dmbritts (L)~The Four Bearded Rockling 

YouKo-Fto Trawl 

Holt (1897—99) speaks of “the undoubted existence in the district 
(i. e. Plymouth}» of M. cimbria^* and Herdman (1902} ivrites ‘‘It prob- 
ably extends up the Irish Sea.” Hiese and otler such notes establish 
the presence of this species in British waters including the Irish Sea* In 
addition a small number of 0. cimbrius eggs, of which there is no previous 
record from Manx waters, Imve been obtained in the present samples. 
This absence of past records is probably due to the great similarity Uiere 
is between the eggs of 0 . citnbnus and those of 0. mustela, which has led 
them to be overlooked or misidentified. 

As already pointed out there occur from June onwards few rockli^ 
eggs other than those of 0 , mustela and they belong either to 0. cimbrius 
or 0 , tricirratus. The latter species is noted in Manx waters but it need 
not be considered further in the present connection if its spawning period 
— ^November to January — ^as stated by McIntosh and Masterman (1897) 
is reliable and also if its oil globule is as large as 0 . 22 mm.^ This evidence 
shows that the eggs under consideration belong to O. cimbrius^ which is 
also confirmed by the hatched larvae, 

50 eggs of the four bearded rockling were found in sixteen drags of the 
young-fish trawl from June to September. The spawning period of 
this species, probably commencing later than that of 0. mustela^ extends 
from June to September or so in this area. Clark (1920) has also recor- 
ded a ripe female on 2nd September 1913, at Plymouth, which gives 
additional support to the above view about the spawning time. 

As stated above there is a great similarity between the eggs of the two 
rocklings, although the egg-capsule of 0. cimbrius seems to less corru- 
gated than that of 0 . mustela. The diameter of the egg and oil globule 
varies betwen 0.75 and 0.87 mm. and 0. 16 to o. 18 mm. respectively. 
The range of variation is limited but more material needs to be examined 
before drawing any definite conclusion about the size. It may, however, 
be added that the monthly average diameter of 0. cimbrius eggs is rather 
higher than the corresponding one of O. mustela. 


Month 

Average Diameter in mm. 

June 

0.82 

July 

0.81 

August 

0.81 


Surface Net 

1 1 eggs of the four bearded rockling were taken fi:om five surface net 
samples from June to August. The small number of eggs in both nets 
shows the general scarcity of this fish in the area under review. 

The dilnensions of these eggs and the oil globule vary between 0.80 
and 0.86 mm. and 0.16 to 0.19 mm« 
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9. Cofis ittlis (L) — ^Rainbow Wrasse 


Youno-Fish Trawl 

The Rainbow Wrasse is recorded in the Marine Fauna of the Isle of 
Man, but there is no mention of its pelagic eggs. The latter are appar- 
ently scarce in this locality as only 5 eggs were secured from two hauls 
taken in August 1939. 

Holt (1891) has recorded “coris-like” eggs off the West coast of Ire- 
land (diameter 0.80—0.83 mm.) and also in the Plymouth district 
(diameter o . 78 — o . 8 1 mm.) These measurements are somewhat greater 
than given by Raffaele and Holt (1897—99) (diameter 0.58—0.70 
mm.) for the eggs of Mediterranean specimens of Coris julis, whereas the 
size of the eggs under consideration is within the range quoted for the 
Mediterranean and may be identified with certainty as belonging to this 
species. 

The Rainbow Wrasse eggs are somewhat similar in appearance to the 
smallest-sized eggs of 0. nmstela but they cannot be confused with them 
because careful examination reveals that, unlike in 0. mustela^ the egg- 
capsule is non-corrugated and without an air vesicle. 

The diameter of the eggs is 0.61 to 0.65 nun. and of the oil globule 
0.15 to 0.18 mm. 

Surface Net 

Only 3 eggs, one in each of the months May, June and July were 
obtained from the surface net. Together with the catches in the young- 
ish trawl this shows a rare occurrence of the eggs in the area under in- 
vestigation. 

The oil globule was 0,12 mm. in diameter in two cases, and in the 
third it was misshapen. 

10. Ctenolabrus nipestris (L)— Jago’s Goldsinny 
Young-Fish Trawl 

The eggs of this variety of Wrasse have been noted in small numbers 
from the South-west coast of Ireland by Holt (1891) and from Manx 
waters by A. Scott (1913), but according to HefFord (1910) they seem to 
be numerous around Plymouth. In the present case 46 eggs are recorded 
from thirteen hauls with the young-fish trawl. 

These eggs are small and without any oil globule, and thus not very 
difficult to distinguish, particularly as they occur during the later part 
of the summer when other eggs that might possibly be confused with them 
arc not present. They are more easily recognised when the pigmented 
embryo is formed because the latter has black spots arranged regularly 
in a row on each side of the body. 

The eggs were noted first on August ist, and last on October 12th. 
Forty-three of them occurred in August, two in September and only one 
in October. 
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Their xliaineters range between 0.91 and 1.06 mm. which means the 
maximum size is slightly higher than in previous records. Ehrenbaum 
(1905-09)9 however^ has already anticipated a bigger diameter for eggs 
in the south of Britain^ and Hefford (1910} also writes that the size of 
these eggs is liable to much variation. The maximum diameter stated 
by Holt (1897-99) is 1 .01 mm., but ten of the present eggs were higher 
than this as shown below. 


No. of Eggs 

Diameter in mm. 

1 

1.06 

1 

1,04 

4 

1.03 

3 

1.0? 

/ 


1 

l^.Ol.'S 


The rest of the eggs were i .01 mm. or below that in size and the aver- 
age diameter for August was o . g8 mm. 

Surface Net 

10 C. ntpestris eggs were found in three surface net samples, taken 
outside the bay in August. Their diameter was o. 79 to 1.02 mm. and 
the minimum was thus lower than recorded above under the young-fish 
trawl. The combined range of variation may, accordingly, be stated as 
0,79 to 1.06 mm., while Holt (1897-99) has quoted 0.72 to i.oi mm. 
for Plymouth eggs. 


II. Callionymus lyra (L)— Dragonet 


Young-Fish Trawl 

The Dragonet eggs, like those of the Rockling, are very common in 
Manx waters and occur almost regularly over a period of about five 
months. 

They are most easy to identify because of the presence of the charac- 
teristic almost hexagonal reticulations on the zona radiata. This and 
other distinguishing features have been described by other workers espe- 
cially by McIntosh (1885), The reticulations arc most clearly seen when 
part of the yolk has been absorbed. It may be added that the yolk, being 
very dull, gives the e^gs a peculiar apf)carance which distinguishes them 
from other similar sized eggs, even before examining the reticulations 
under higher magnification. Many of them were hatched in the plunger 
jars for identification purposes. 

448 C. Ina eggs occurred in the young-fish trawl from 22nd February 
to aist June and later than this date in the surface net. A majority of 
them was taken in April and May, in which months the spawning must 
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be abundant. The following weekly averages, besides, show that the 
peak of the spawning lies sometimes in the third week of April, which is 
also the case with the catches of the surface net (see Table IV)). The 
number of eggs, however, continues to be fairly high during the first 
^If of May and then falls gradually. 


Average Number of Eggs per Haul Week by Week 


Week 

February 

March 

April 

M..y 

Juue 

I 

0 

6 

13.5 

18.3 

5 

n 

0 

2 

• • 

18 

0 

III 

.. 

• • 

41.5 

7.3 

2 5 

IV 

1 

10 

2 

6.2 

0 


The diameter of these eggs varies between 0.73 and 0.93 mm., which 
is in agreement with previous records. However, a single egg found on 
February 22nd measured about 1.02 mm. and is, therefore, distinctly 
bigger than the rest of the eggs. The maximum diameter of some first 
spawned eggs is probably higher than stated above, but the solitary 
example given has, in the meanwhile, been taken as an exception. 

The average diameter of the eggs during the months of the spawning 
period is as follows : — 


Month 

Average Diameter m mm. 

March 

0.88 

April 

0.86 

May 

0.82 

June 

0.78 


Surface Net 

807 dragonet eggs, definitely more abundant than in the fish-trawl, 
were recorded in the surface net, even though the number of successful 
hauls was almost equal for both. This inequality in number is by no 
means caused by samples from the bay, because a‘ comparison of the 
catches does not reveal any concentration of dragonet eggs within the bay. 
It, therefore, seems that the eggs of this fish are commoner near the sur- 
face than below, and are accordingly obtained in larger numbers with 
the surface net than with the fish-trawl. 

^ They occurred in this case up to July 14th, and the combined spawning 
time may, thus, be given as February to July inclusive. Here again the 
catches reached a maximum in April and were high in March and May 
(sec Table II). 
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Their size is o. 7 o to 0.95 mm., while HefFord (1910} quotes it as o. 70 
to 0.91 mm. for Plymouth eggs. 

12. Calliotfyffltts maciilatus (Rafinesque) 

— Spotted Dragonct 


Young-Fish TraWl 

The eggs of the Spotted Dragonet — ^adult not recorded from the Isle 
of Man — have been noted from Port Erin Bay once in July 1905 and 1906 
respectively. Evidently the fish and its eggs are very rare in die area 
under review and this is also true for the 1939 season. 

2 eggs, however, were secured on June 21st in a fish trawl drag from 
Port Erin Bay. It is no doubt difficult to distinguish them from those 
of C, lyra but it is f)ossible after critical examination of their hexagonal 
meshes, which are closer than in C, lyra. The eggs of the former also 
seem smaller than those of the latter, a fact anticipated by Holt (1897-99), 
The diameter of both the eggs under discussion was o . 72 mm. 

Surface Net 

5 more eggs were found in five samples with this net from outside 
the bay in addition to two described above from the bay. They arc 
obviously very scarce both in and outside the bay, the adult being ap- 
parently a deeper water form. 

2 of the 5 eggs occurred in May and one in each of the following three 
months. The spawning time probably extends from May to August, 
in which case it spawns later than C, lyra. Ehrenbaum ^nd 

Clark (1920) give June to August as the spawning period. 

The size varies between 0.69 and 0.74 mm. ; this range which is 
within that given by Ehrenbaum — 0.66 mm. too. 79 mm, — ^is only based 
on few measurements and is therefore provisional. 

13. Tfigla gttrnardtts (L)— Grey Gurnard 
Young-Fish Trawl 

The Grey Gurnard is recorded as the commonest species of gurnard 
in the Irish Sea and its eggs are certainlv common in the samples. Many 
gurnard eggs are noted below and almost all of them belong to this 
species. In rare cases the eggs, when fresh, had a copper-coloured oil 
globule like that found in the Red Gurnard eggs. This colour dis- 
appeared after fixation and then it was not possible to distinguish the 
two types of eggs, because of their similar dimensions. 

Some eggs were reared in plunger jar* and the hatched larvae were 
those of the grey gurnard. It was found, in addition, that the early 
larval and post-larval stages taken in the young-fish trawl belonged to 
the Grey Gurnard. It can be inferred therefore that the eggs of the Red 
Gurnard are rare in waters to the southwest of Man, and that here we are 
dealing almost exclusively with those of T. gumardus. 
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The large eggs of 7 *. gurnardus contain yellow yolk and the egg capsule 
is thick like that of the cod’s egg. The oil globule is large and yellow, 
though dull yellow or smoky after preservation. Occasionally it becomes 
indistinct which renders the accurate measurement rather difficult. It 
may be that a few eggs, in which the oil globule was almost lost in the yolk, 
appeared at first sight to be those of the Cod, but a faint oil globule could 
be detected after close examination with the aid of artificial light. This 
obscurity seems to be due to the dense yolk and dull appearance of the 
oil globule in preserved condition. 

379 Grey Gurnard eggs were recorded betweeh March 24th and August 
14th and thus the spawning time may be taken as March to August. 
They occurred almost regularly during this period and were present in 
all drags excepting only a few at the end of the spawning season. The 
number of eggs increased soon after the middle of April, and reached its 
maumum by about the middle of May. Numbers on the whole re- 
mained high until about the end of June and then depreciated. The 
general nature of their occurrences this season is shown by the following 
weekly average figures. 


Average Number of Eggs per Haul Week by Week 


Week 

Maroh 

April 

May 

June 

1 

July 

August 

I 

0 

1 

4.1 

8.3 

1.3 

2 

n 

0 

•• 

17.3 

1 

4 

0.3 

III ^ 

•• 

14 

3.7 

r 

12.5 

2.6 

•• 

IV 

1 

5 

11.1 

o.n 

• • 

0 


The size of the eggs and oil globule is i . 17 to 1.61 mm. and 0.19 to 
0.34 mm., and this range of diameter is a little higher than the previous 
British records. It is probably a result of extensive study carried 
on for the whole of the spawning period. Ehrenbaum (1905-09), how- 
ever, gives almost similar dimensions for the North Sea eggs of the Grey 
Gurnard. 

The average monthly diameter of the eggs are as under : — 


Month 

Average Diameter in mm. 

April 

1.48 

May 

1.43 

June 

1.38 

July 

' 1.29 

August 

1.23 


Surface Net 

The surface net took only 29 Grey Gurnard eggs, out of which two were 
from Port Erin bay. The inequality in the catch of the two nets ^hows 

12 (H) 
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that they are not only less common inside the bay but also at the sur&ce 
of the ^ter. It was noticed* moreover* that they occurred in tius net 
only between April i8th and June 17th which is nearly half die catching 
period of the fish trawl. The spawning is undoubtedly continued beyond 
June* but the surface net fails to catch the eggs, because they probably 
float below its fishing depth. 

14. Rhombus maiifflus (L)— Turbot 


Youno-Fish Trawl 

Turbots are not uncommon around the Isle of Man and the writer 
was able to collect some young turbots with a push-net close to the shore 
in Port Erin Bay. There are, however, only meagre records of turbot 
eggs in the vicinity of Port Erin and these date back to 1003-1906 and 
1913. The present samples contain 44 turbot eggs and these may be 
considered an important addition to the records. A few of them were 
placed into plunger jars and hatched out successfully. 

Turbot eggs are medium sized and contain an oil globule. The cap- 
sule has a few wrinkles but these are not so distinct as described by 
McIntosh (1895). Some of the eggs are similar in diameter to Ling 
eggs but the contained oil globule is smaller. Sometimes a turbot and a 
Muller’s Top-knot egg have nearly similar dimensions including that of 
the oil globule but the latter egg is devoid of any wrinkles on the capsule. 

The eggs were collected between May 29th and September 6th, though 
mainly in June and July. They have, however, been recorded in April 
and thus the spawning time may be noted as April to September. The 
material in hand is so very scanty that it is not possible to arrive at any 
further conclusions about spawning from the following weekly averages. 


Average Number of Eggs per Haul Week by Week 


Week 

May 

June 

July 

August 

September 

I 


0.7 

2 

1 

0.5 

11 


0 

2.5 

0.7 

, , 

III 


2.2 

2.3 

. , 

0 

IV 


0.6 


0 

0 


The minimum and maximum size of the eggs and oil globule are 0.94 
to 1 . 09 mm. and o . 1 5 to o . 2 1 mm. respectively. This range of variation 
is more than previous records for British eggs and slightly less than that 
for North Sea eggs. Average diameters in the present case are as follows: 


Month 

Arerage Diameter in mm. 

Jane 

1.05 

July 

0.99 

August 

0.9S 
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Surface Net 

The surface net caught only i turbot egg, on August 7th, which con- 
firma the scarcity of this form. 

15. Scophthalfflus aorwegicus (Gunther)— Norwegian 
Top-knot 


Young-Fish Trawl 

The Norwegian Top-knot, although recorded several times from 
the Irish Sea, is noted from Manx waters only as single records in i8g6 
and 1939. Likewise eggs, identified as belonging to this top-knot, were 
occasionally found in or outside Port Erin Bay between 1903 and 1905. 
It is, thus, interesting to record here 23 eggs of this fish, which is appar- 
ently not so common in our area. Some eggs were hatched out in plunger 
jars and the larvae possessed a fine net-work of reticulations on their body 
which was covered with small diffused dots of pigment unlike the stripes 
of Muller’s Top-knot. 

The egg of the Norwegian Top-knot is smaller than that of Muller’s 
Top-knot and the two can be separated without any doubt. It is never- 
theless difficult to distinguish it from a rockling egg without resorting to 
close microscopical examination as stated earlier in these pages. It may 
be added that the oil globule in the Norwegian Top-knot egg is usually 
small and greenish-yellow in appearance. 

These eggs, which include four from the bay, were obtained between 
May 29th and August 23rd. Clark (1920) gives March to June as its 
spawning period at Plymouth"^where the Norwegian Top-lmots occur 
in abundance. The spawning extends into August in our area and the 
fish may, therefore, have a longer spawning time than previously 
recorded. 

The size of the egg and oil globule is o . 74 to o . 88 mm. and 0 . 9 to o . 16 
mm., which is nearly the same as found in other areas. The dimensions 
of the eggs and oil globule during the spawning season are as under. 


Month 

Diameter of Egg in mm. 

Diameter of Oil Globule 
in mm. 

May 

0.80—0.88 

0.09—0.14 

June 

0.74—0.85 

0.10—0.16 

July 

0.79—0.81 

0.10—0.14 

August 

0.79—0.84 , 

0.14—0.16 


Surface Net 

Only one Norwegian Top-knot egg was secured with the surface, net 
on April 26th, and the combined spawning period may, therefore, be 
stated as April to August in Manx wat^^rs. 
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z6. Zeogopfenn pnodAfos (Bloch)— Muller’s Top-knot 

Youno-Fish Trawl 

Herdman (1902) writes that *‘it is the commonest of the little Top- 
knot’s in our seas” but it is noted as not common in the Marine Fauna 
of the Isle of Man. A. Scott (1913) states that ”the pelagic eggs of one 
of the top-knots, which is probably the above species, are occasionally 
met with in the plankton from the southwest area of the Isle of Man 
between April ist and July ist.” It is thus clear that the eggs of this 
species have been considered as not common in this area, neither have the 
identifications always been definite. It may be stated, on the contrary, 
that numbers of eggs belonging to Muller’s Top-knot occur in these 
samples, taken with both nets. After identification some of them were 
placed in plunger jars and the larvae hatched out undoubtedly belonged 
XoZ^punctatus. 

The eggs of Muller’s Top-knot are medium-sized with a single oil 
globule . Their yolk and the oil-globule exhibit a rather dull appearance, 
especially after fixation. Sometimes their dimensions may be similar 
to those of the ling or the turbot, although the differentiation can be 
made with the help of characters discussed under the respective heads. 

292 eggs were obtained from catches taken between March 24th and 
June 2 ist. The spawning period is thus March to June in this area, 
but Clark (1920) quotes it as February to May in the Plymouth district. 
The weekly average figures clearly show that the spawning is intense 
during the second week of May, which is also true with the surface net 
records (see Table IV). It may, moreover, be added that the Muller’s 
Top-knot eggs occur principally in April and May in both the nets. 


Average Jsfumher of Eggs per Haul Week by Week 


Week 

March 

April 

May 

June 

I 

0 j 

8.5 

13 

4 3 

II • 

0 

• • 

14.8 

1 

III 

. . 

9 

9.3 

0.7 

IV 

2 

i 

8.6 

3 4 

0 


The size of the eggs and of the oil globule ranges from 0 . 90 to i . 06 mm. 
and o. 17^ to o. 19 mm. The minimum diameter is usually 0.92 nun., 
but exceptionally eggs measure 0.91 or 0.90 mm. These dimensions 
arc nearly the same as those given by Hefford (1910) for Plymouth 
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eggs and Ehrenbaura ( 1905-og) for eggs foimd in the North Sea. Their 
monthly average diameter is as under : — 


Month 

Average Diameter in mm. 

April 

1.02 

May 

0.98 

June 

0.95 (approx.) 


Surface Net 

384 Muller’s Top-knot eggs were also recorded from the surface net 
samples from March gth to June ist. The number, both from inside and 
outside the bay, is not very different and, therefore, it may be stated, 
for the first time, that Muller’s Top-knot eggs are of common occurrence 
in the area under investigation. 

In these hauls the maximum diameter of the egg and oil globule is 
1 .08 mm. and 0.20 mm. The general size of the egg and oil globule 
may , thus, be quoted as 0.90 to 1.08 mm. and 0. 17 to 0.20 mm. res- 
pectively. 

17. Drepanopsetta platessoidea (O. Fabricius)— Long Rough Dab 
Young-Fish Trawl 

The Long Rough Dab does not seem to be very common in the Irish 
Sea and its eggs are only occasionally noted during spring according to 
the Nfarine Fauna of the Isle of Man. The fish is probably more com- 
mon in deep water and that explains the scarcity of eggs near the shore. 

It was possible, however, to secure 25 long rough dab eggs from 
seven drags with the fish trawl in the season under examination. Twenty- 
three of them occurred in March and April together, none during the 
following three months and only two in August. Its spawning period in 
British waters seems to be from February to May or June, but principally 
in March and April. The occurrence of two eggs in August is thus 
unusual ; but there is little doubt of the identifications because the egg 
is characterised by a large pervitelline space and is also large in size. 
This species, therefore, has probably^a Ipnger spawning season than that 
given m past records. 

The egg capsule is very thick and occasionally in a collapsed condi- 
tion because u is free from the contained yolk. The capsule, besides, 
appears to have very fine striations and a bluish-green tinge especially 
under artificial light. These large eggs are i .37 to 2.04 mm. in size, 
which is less than that of the North Sea eggs ; but this smaller range is 
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poitibly du€ to the few eggs here emmined* Further detaii* dbmi 
their occurrence are as follows 


Date 

Depth in 
meties 

No. 

Dianslsf ill nun. 

9-3-^d9 

• • 

6 

1.44—1.68 

24-8-39 

6.3 

1 

1.76 

18-4-39 

5.4 

8 

1.62—1.90 

18-4-39 

7.2 

8 1 

1.66—2.04 

26-4-39 

7.2 

1 

Put in Plunger jar 

7 - 8.39 

6.8 

1 

1.37 

14 8 39 

6.4 

1 

].88 


Surface Net 

This net took only 7 long rough dab eggs, on April i8th, and one of 
them was found within Port Erin Bay. A comparison of the catches 
with both the nets shows that the eggs, though meagre in number, occur 
mainly in April, and that they may be normally found at a little depth 
below the surface of the water. 

18. Pleuronectes Itmanda (L)— Dab 

Youno-Fish Trawl 

The dab is common around the Island and its eggs have been recorded 
in the neighbourhood of Port Erin in the past. 146 dab eggs were taken 
from twenty-seven young-fish trawl hauls during 1939. 

The dab eggs are easily identified because they are small in size amongst 
the eggs without an oil globule. They contain a clear and colourless 
yolk which is useful in separating them from smallsized gadoid eggs. 
Some flounder eggs are likely to resemble them in size, but so far as is 
known, these are not present off Port Erin. 

The eggs occurred on February loth and ceased after August i^th. 
The dab like the Rockling and Dragonet has, thus, a prolonged spawning 
^riod, which is certainly longer than has teen previously recorded for 
Manx waters. The above eggs, being caught over a period of seven 
months are not suflicient to fix a main spawning time. The following 
weekly averages, however, show in general that the eggs occur principally 
in March and April, and the figmes for the surface net catches fsee Table 
IV), excluding the fluctuations early in March, point out in addition that 
the spawning reaches its maximum in the third week of April. The 
eggs appear rather irregularly afterwards and finally disappear by the 
middle of August. 
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Average Jf umber of Eggs per Week by Week 




1 

March 

April 

May 



August 

1 

0 

0 

5.5 

5 

0 

1 

0 

n 

2 

2 

.. 

4.5 

0 

2.5 

1 

ra 


t 

15 

0 

0.2 

0 

.. 

TV 

5 

20 

1.5 

0.5 

0 2 

*• 

0 


These eggs are 0.72 — 0.99 mm. in size which is higher than has been 
noted from British waters, although nearly the same as from the North 
Sea. Their approximate monthly diameter is as follows : — 


Month 

Average Diameter in mm. 

February 

March 

April 

May 

0.96 (approx.) 

0.88 

0.83 

0.82 


Surface Net 

801 dab egg were found in the .surface net as against 146 in the other, 
although the number of successful hauls was almost the same for both. 
They are apparently more common near the surlace than in the lower 
layers. It may also be added that the eggs occur in fair number within 
the bay though these were not as many as outside it. 

There occur in the surface net catches some poor cod eggs, the smallest 
of which approach the largest dab eggs in size. The yolk in the latter, 
however, is more transparent than in the former and the two may thus 
be distinguished even when similar in dimensions. 

19. Pleuronectes platessa (L) — Plaice 

Youno-Fish Trawl 

The plaice, common in the Irish Sea, commence to spawn early in the 
year but it was not possible to take regular drags at this time owing to 
bad weather. Only 88 eggs were therefore obtained from twelve hauls 
with the young-fish trawl. They were found between Fe'bruary loth 
and May 5th but chiefly in March and April (see Tables I and II). 

The plaice eggs stand out most prominently because of their large size. 
The long rough dab eggs are similarly big but they are distinguished from 
those of plaice by their characteristic perivitellinc space. The egg 
capsule is tough and thicker than in any other of the eggs discussed in 
this paper. The contained yolk is colourless which usually differentiates 
them from the larger cod eggs. 
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These eggs measure i .61 to 2.04 mm. and the range of sbe is thus 
greater than has been noted for British eggs. The maximum diameter 
of North Sea eggs is 2 . 20 mm. and it wo^d probably have been higher 
than 2 . 04 mm. for our eggs, if hauls had been taken earlier in the season 
when the maximum number of robust eggs is produced. The following 
are the average diameters for March and April. 


Month 

Average Diameter in mm. 

March 

1.90 

April 

1.85 


Surface Net 

The surface net samples contained 58 plaice eggs, so that, on the 
whole, the numbers are small as in the young-fish trawl. A comparison 
of the catches shows that the eggs are more common outside than inside 
Port Erin Bay. 


20. Pleuronectes microcephalus (Donovan) 

— Lemon Sole 

Youno-Fish Trawl 

A. Scott (1915) writes that “pelagic eggs identified as those of the 
lemon sole do not appear to occur very often in the plankton collected 
at the south-west of the Isle of Man.’’ In 1939* on the contrary, 300 
lemon sole eggs were recorded from twenty-six young fish trawl samples. 
Some of them were successfully reared in plunger jars at the Port Erin 
Aquarium. 

The lemon sole eggs are large but the size is not so marked as in the 
plaice . In fact they resemble cod eggs in the appearance of the yolk and 
sometimes in their size, but can be distinguished by their capsule, which 
bears somewhat irregular markings or reticulations. 

The first batch of lemon sole eggs was taken on April i8th and the 
last on June 21st, but an egg was obtained as late as July 14th with the 
surface net. The spawning therefore, apparently stretches from April 
to July, with a maximum in May (see Tables I & II). The weekly 
figures, besides, illustrate that spawning is intense about the middle of 
May, a fact also demonstrated by the catches with the surface net (see 
Table IV). 


Average Number of Eggs per Haul Week by Week 


Week 

April 

1 

May 

June 

I 

0 

4.6 

10.6 

II 

•• 

17.1 

0 


2.5 

17.6 

0.7 

TV 

0 

0.5 

0 
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The diameter of the eggs is i . 14 to i . 48 mm., a range which is similar 
to eggs obtained from the North Sea. The earlier British records of 
dimensions are more limited ; probably they were not calculated from 
material obtained in a systematic manner throughout the spawning 
season. The average diameter for some months is as given below : 


Month 

Average Diameter in mm. 

April 

1.33 (approx.) 

May 

1.30 

June 

1.27 


Surface Net 

108 lemon sole eggs appeared in thirteen surface net samples, which 
shows, in addition, that the eggs of this fish were common around Port 
Erin during the season under review. 

21. Pletironectes cyaoglossus (L)— Witch 


Young-Fish Trawl 

Witch eggs, although the adult is found in fair quantities west of Man 
and off Calf Island, have been recorded on only one occasion, in'iqis 
by A. Scott (1914) about five miles N. W. by N. from Peel, Isle of ^&n. 
They are apparently scarce in this-district, which is probably due to the 
fish resorting to deeper waters for spawning. 

It is therefore worthy of note that 36 witch eggs were obtained in the 
vicinity of Port Erin in 1939. They occurred in eighteen young fish 
trawl hauls, taken between May 26th and August ist, and the spawning 
season is thus slightly later than that of the lemon sole. The presence of 
eggs in the neighbourhood is further supported by the occurrence of a few 
witch larvae towards the end of May and beginning of June. The size 
of these larval forms, however, suggests that the spawning may have 
commenced some time before the date given above. 

The witch eggs, containing colourless yolk, appear transparent and 
their egg capsule is thick, although perhaps not as thick as described by 
Cunningham (1885-87). The capsule, besides, has extremely faint 
striations, often indistinct or only partly visible. 

The diameter is 1.07 — 1.24 mm., with 1.12 mm. as the mean for 
may-June, and this range of size is greater than is given in" other British 
records excepting that of Kyle (1903) namely 1.15 — 1.70 mm. This 
maximum — i . 70 mm. — is unusually high when compared with the 
measurements in other past records, and is, therefore, open to question. 

Surface Net 

The surface net failed to catch a single witch egg, which further points 
to its general dearth in the area under investigation. 

13 (II) 
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22. Solea vulgaris (Wuensel)— -Sole 


Youno-Fish Trawl 

The sole is frequently taken around the Island but its eggs were not 
recorded from South-west of the Isle of Man even during 1907-12, the 
period of intensive plankton investigations. A. Scott (1914) has noted 
some eggs from an area, many miles off Port Erin, but during the present 
investigations in 1939, 46 sole eggs were procured near to Port Erin at 
the different depths fished by the young-fish trawl. 

There is no doubt about their identification because some of them were 
hatched out and reared in the Biological Station, Port Erin. In addition 
the curious oil globules, which are arranged into several irregular aggre- 
gates over the yolk, are the surest means of identifying these eggs. 

The eggs, 42 of which were found in the month of May alone, appeared 
between April 28th and June ist. The spawning seems to commence in 
April in this area, although even earlier in the Plymouth district. The 
size of the few eggs measured is i .23 to 1.44 mm. which is very near to 
other previous records. 

Surface Net 

The surface net recorded only a single sole egg on May i8th, a further 
proof of their general scarcity in the neighbourhood of Port Erin. 

23. Solea variegata (Fleming)— Variegated Sole 
Youno-Fish Trawl 

Hardman (1902) states that “it occurs in our district, and is caught 
occasionally in the trawl in various parts of the Irish Sea.’* There is, 
however, no record of S, variegata or its eggs in the Marine Fauna of the 
Isle of Man, and it is therefore interesting to report here on nine eggs of 
this fish, collected during the season under review. 

These eggs are characterised by many rather large oil globules, scat- 
tered separately over the surface of the yolk and not in groups like in 
S, vulgaris. The oil globules are usually similar in size but not neces- 
sarily so in every case. The thick egg capsule has markings somewhat 
resembling those in lemon sole eggs ; tlus is a feature that seems to 
have escaped the attention of other workers. 

Cunningham (1889-90) has recorded S, variegata eggs in July, and 
Hefford (1910) in April, May, June and August at Plymouth where they 
occur in large numbers. Eight out of the nine eggs noted here were 
found in June and one in August. The spawning period may, thus, be 
provisionally accepted as from April to August. 
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Further particulars of these eggs are as follows : 


Date 

Depth in metres 

No. 

Diameter in mm. 

21-6.39 

5.4 

6 

1.29—1.42 

21-6-89 

6.3 

2 

1.38—1.42 

7-839 

6.8 

1 

1.28 


The presence of young embryos within these eggs shows that they had 
been spawned sometime previous to the date of capture and they were 
probably carried into this area from some outside spawning ground. 

24. Solea lutea (Bonaparte) — Solenette 


Surface Net 

The eggs of S, lutea are noted in the Marine Fauna of the Isle of Man 
as taken occasionally in the spring and early summer. Six solenette eggs 
were also found in three surface net samples from Port Erin Bay in March 
and April 1939. 

These small eggs are characterised by many small and almost equal 
sized oil globules, distributed over the surface of the yolk. A. Scott 
(1913) writes that the oil globule*ln the egg of the rockling sometimes 
splits up into a number of smaller ones and furtb^^r states that the eggs 
he had identified as those of solenette were possibly the newly spawned 
eggs of rockling. This, however, seems to be highly improbable because 
the smaller globules formed by the splitting up of the rockling oil globule 
are neither so numerous nor so regularly arranged as in the solenette. 
In addition the total size of the numerous oil globules in the solenette is 
certainly bigger than that of the single oil globule in the rockling egg. 
The diameter of these eggs is 0.70 to 0.77 mm. 

SUMMARY 

1. 24,735 fish eggs, assigned to twenty-four species, have been dealt 
with in this report. 10,879 of them were obtained with a young-fish 
trawl and 13,856 with a surface tow-net. 

2. The area under review, especially the part near the. Calf Sound, 
is prolific in the number and variety of fish eggs and larvae . Certain 
hauls from the Port Erin Bay, however, show sudden fluctuations in the 
catch which is presumably due to weather conditions, inshore winds in 
particular. 

3. The first batch of eggs occurred on February loth and the last 
on October 12th. They were abundant in March, April and May, rare 
in September and October and there were none in November and Dec* 
ember* 







$4 jOintKAt 0» 4UB 0» wmAit 

4. Eggs of Sprat, C!od, Whiting, Five-Bearded Rockling, Dragonet, 
Muller’s Top-lcnot, Grey Gurnard, Dab, and Lemon Sole are common in 
this connection. 

5. The eggs, particularly of A. sphyraenay 0 . cimbriusy ( 7 . juliSy and 
S, variegata are new additions to the Manx Fauna. 

6. The occurrence of eggs of R. maximusy S. norwegicuSy P. cynoglossus 
and S. vulgaris in large numbers is a definite contribution to their past 
occasional records from this area. 

7. Sprat eggs were more abundant in this water than hitherto ex- 
pected. The graph of the spawning of sprat shows, as in some other 
species, that the peak of spawning is very marked showing that its maxi- 
mum spawning extends over a few days. 

8. The occurrence of Ling eggs and larvae is new evidence that the 
fish spawns to the west of the Island in deeper waters. 

9. The maximum diameter of C. rupestris eggs is higher than that 
recorded in literature. 

10. Judging from the present observations there is an indication of a 
spawning period longer than previously noted in these waters for some 
species, e.g. Ling, Long Rough Dab, etc. 

11. It may be generally slated that in this collection the average size 
of fish eggs diminished with the advance of spawning season. 
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Total Number of Eggs 

per Month .. 0 113 702 4725 4254 599 283 195 7 1 .. .. 10879 





































Table II 

Monthly Summary of the Occurrence of Pelagic Fish Eggs in the Surface Net, Port Erin, 
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INTRODUCTION AND HISTORICAL SURVEY 

S ITUATED in the Meso-soma of the Scorpion is a much lobulated 
glandular organ, the liver (Fig. i ). It fills up most of the body-cavity 
of that region on either side of the mid-gut. The lobularity of this 
organ is chiefly due to the shape of the body-cavity, and differs in the 
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various species of scorpions. Five pairs of ducts issue out of the liver and 
open into the mid-gut. The presence of five pairs of ducts shows that 
in the development of this organ, five glands have fused together on 
either side. 

This glandular lobulated organ has been known since the days of the 
early anatomists. 

Gucysse in 1808-1809, Meckel in 1809, Blanchard in 1854 and Dufour 
in 1855 called it — ^the “liver.’* Whereas Treviranus in 1912 called it 
the “fat-body.” Newport (1843) — on the other hand — believed that it 
was a “blind glandular appendage of the mid-gut.” 

Just in front of the liver, placed in the pro-soma or cephalothorax, is a 
five-lobed glandular body, consisting of a median un-paired lobe and 
two pairs of lateral ones. But this organ is totally unconnected with 
the liver being separated from the latter by the endosternite, which di- 
vides the pro-soma from the meso-soma. This organ, in its colour, the 
character of tissue and consistency, appears exactly similar to the liver, 
so much so, that, at first sight, it is difficult to distinguish it from the 
latter. It opens by means of a pair of ducts into the anterior portion of 
the mid-gut, the stomach. 

This gland has been called by various names by various investigators. 
T. Muller in 1828, and Newport in 1843, called it the “Salivary gland” 
— (so encountered also in several Text-books of Zoology). Dufour, in 
1856, took it as the “cephalothoracic outgrowth of the liver” and regar- 
ded the coxal glands as the true salivary glands. E. Blanchard, in 1858- 
59, showed that the scorpions were devoid of salivary glands, and that 
the organ looked upon as salivary gland by Muller and Newport, was 
nothing else but “stomach glands.” 

The question whether the two digestive glands — the “liver” and the 
so-called “stomach glands”— of the scorpion are really two different 
organs or whether they are analogous, has been under discussion for a 
long time. In 1926, Pavlovsky and Zarin studied the physiological 
aspect of this question in detail. They determined the ferments in the 
two organs and arrived at the conclusion, that the liver differed defi- 
nitely from the stomach glands in its ferment contents though not histo- 
logically, and that they were not analogous organs and therefore deserved 
distinct names. But from a perusal of their paper it is gathered that 
their investigations were far from complete. 

In order to throw further light on this controversial subject, the present 

? hysiological work was undertaken on these two digestive glands of 
^alamnaeus fulvipes Koch. 

Some previous authors had also worked on similar lines, on the fer- 
ments of scorpions. Blanchard, in 1851, tested the proteolytic ferments 
of the stomach glands of scorpions. Later, in 1855, he studied the func- 
tions of the liver in other Arachnids besides that of the scorpion. 

Krukenberg in 1881, Fischer in 1903 and Robert in 1913, worked on 
the different enzymes in scorpions. They made use of preserved alco- 
holic specimens of scorpions in preparing the extracts. Since the method 
employed in the extraction of the ferments was not satisfactory, the 
presence of the ferments was not readily detected by them. In spite of 
this^ they were able to establish the presence of the ferment Amylase in 
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the scorpion. Kotert, in 1913, discovered the presence of Inulase, and 
Krukenberg and Fischer obtained also the ferment Trypsin. 

All the same, the work carried out by the various authors has not been 
exhaustive, except that of Pavlovsky and Zarin. But since these two 
authors also were handicapped by lack of sufficient material, their entire 
work being done on the material obtained from only seven scorpions, 
the results obtained by them cannot be taken as conclusive. This state 
of affairs has prompted us to work out this problem. We were able to 
obtain specimens of Palamnaeusin large numbers at all times of the year 
— and so we were able to experiment on fresh materials obtained from 
dozens of scorpions at a time. Hence, we had ample scope for repeating 
our experiments and verifying the results so as to obtain conclusive 
evidence. 


MATERIAL AND METHOD 

Glycerine extracts of the digestive organs (liver, stomach glands and 
mid-gut) of the scorpion Palamnaeus were separately prepared in the 
following manner : 

The scorpions were dissected in normal saline solution immediately 
after chloroforming them. 

The liver, the stomach glands and the mid-gut were separated from 
the surrounding tissues and the adhering fluid was removed with blot- 
ting paper. 

Approximately equal quantities of the liver and the stomach glands 
were taken and ground separately in porcelain mortars along with pure, 
roasted, acid-free sand and equal quantities of pure glycerine, till the 
tissues became very fine and completely mixed wjih the glycerine. (The 
sand was used to facilitate the crushing of the tissues into a fine mash). 
The two extracts (of about equal concentration) were then emptied into 
separate glass stoppered bottles and to each a few drops of toluol were 
added as a preservative. 

The extract of the mid-gut was similarly prepared, but as the size of 
this organ is very small, its extract could not be kept at the same concen- 
tration as those of the other two organs. 

The liver is a very massive organ in comparison with the stomach 
glands, and therefore only a small portion of it, about as much as the 
whole of the stomach glands, could be utilized in the preparation of its 
extract in order to keep the concentration of the two extracts equal. The 
rest of the liver however was not wasted. We prepared more concentrated 
liver extract, and made use of this whenever wc wanted to amplify the 
results of the weaker solutions. 

Though these extracts remain in goo(^ condition at room temperature 
for several months, only a small quantity was prepared at a time as live 
scorpions were readily available whenever required. 

Each time a dozen scorpions were dissected and, as already mentioned, 
care was taken to keep the concentration of the extract of liver and sto- 
mach glands equal as far as possible. 
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THE ENZYMES OF THE DIGESTIVE ORGANS OF 
SCORPION 

The extracts were tested for the following enzymes : — Chymosin, 
Pepsin, Trypsin, Invertase, Lipase, Inulase, Amylase and Catalase. 

I. Chymosio 

Milk is coagulated by Chymosin or rennet ferment. The action of the 
ferment is such, that, in the presence of a sufficient quantity of calcium 
salts, the greater part of casein which is contained in the milk is pre- 
cipitated in the form of paracasein. 

There is no literature regarding the presence of Chymosin in the 
digestive glands of the scorpion, except that of Pavlovsky and Zarin. 

Process 

For the detection of Chymosin lo c.cs. of milk were taken and mixed 
with 90 c.cs. of distilled water. To this, i c.c. of 10% calcium chloride 
was added. 5 c.cs. each of this mixture were taken in four test tubes, 
in the first three of which 2 c.c.s of the glycerine extracts of liver, stomach 
glands, and mid-gut respectively were added. In the fourth test tube 
2 c.cs. of pure glycerine only were added as a control. All the tubes were 
kept in a water bath at 40° c. for 10 to 20 minutes. 

Results 

Control Solution : — In the test tube containing the control solution no 
coagulation of the casein of the milk was observed. 

Liver and Stomach glands Extracts : — In the two test tubes containing 
respectively the extracts of the liver and the stomach glands the casein 
of the milk coagulated after 10 minutes and the amount of precipitate 
in both the tubes appeared almost equal. 

The experiment was repeated five times and the result obtained each 
time was positive, proving the presence of Chymosin in the extracts. 

Mid-gut Extract : — The test tube containing the extract of the midgut 
did not show any coagulation of the milk for over twenty minutes, and 
so it was left for several hours in the water bath, together with the test 
tube containing the control solution. When examined after four hours, 
a foamy curd-like precipitate was found in the mid-gut solution. The 
control solution also had a foamy appearance but there was no curd- 
like precipitate in it. This experiment was repeated only twice, as the 
quantity of the mid-gut extract was limited, and similar results were 
obtained in both the experiments. 

The above series of experiments were duplicated without the addition 
of calcium chloride to the solutions. The result in each case was negative. 
There was no precipitate formed in the solution. This shows that the 
presence of a calcium salt is necessary for the enzyme to act on the casein. 

According to Pavlovsky and Zarin, in the solution containing the 
extract of the stomach glands, the casein of the milk coagulated after 
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50 minutes, and that too only once in three experiments, while in the 
solution containing the extract of the liver, casein coagulated in 10 
minutes in all the three experiments conducted by them. This difference 
may be rather due to the unequal concentrations of the two extracts. 
We have not found any difference in the time taken for coagulation, 
between the two extracts, in any of our experiments. 

In order to ascertain whether concentration of the extracts had any- 
thing to do with the difference in the time taken for coagulating, we 
made several tests with the liver extracts of two different concentrations 
and in all these tests the coagulation of the casein took place more rapidly 
in the more concentrated extracts than in the less concentrated one. 

2. Pepsin 

The presence of Pepsin in liver and stomach glands of the scorpion 
was ascertained by means of the gelatin test. • 

Process 

30 gms. of powdered gelatin were shaken up with 100 c.cs. of distilled 
water in an evaporating dish. The gelatin solution was not heated 
directly but was kept in a water bath, till the solution was rendered clear 
and homogeneous. Next, it was made acidic by the addition of a few 
drops of concentrated hydrochloric acid, though gelatin itself in solution 
was found to be slightly acidic. 

The acidulated gelatin solution was poured into four flat-bottomed glass 
tubes, about 3 c.c.s. in each, and then kept in ice for setting. After the 
gelatin was set, 2 c.c.s of the extracts of liver, stomach glands and mid- 
gut were added to the gelatin in the first three tubes respectively, and to 
the gelatin in the fourth tube 2 c.cs. of pure glycei me only were added as 
a control. The level of the gelatin in each tube was marked by sticking 
a slip of paper outside the tube. The tubes were corked and left at room 
temperature for one day. 

Results 

Control : — ^There was no liquefaction of the gelatin. 

Liver and Stomach glands Extracts : — In the tubes containing the extracts 
of liver and stomach glands, a portion of the gelatin was found liquefied 
at the top. The quantity of the liquefied gelatin was about the same in 
both the tubes. 

Mid-gut Extract : — The gelatin was not liquefied. 

7 experiments were carried out wit][i 30% gelatin aiid the results 
obtained each time were the same. The process of liquefaction of the 
gelatin by the ferment Pepsin of the digestive glands started within a few 
minutes of the setting up of the experiments. 

In 6 other experiments, where 10% to 25% gelatin was used, the gelatin 
did not set even in ice. These experiments bad therefore to be aban- 
doned. 
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Pavlovsky and Zarin used only a io% solution of gelatin and got satis- 
factory results. And in their experiments the process of liqucfection 
of the gelatin did not commence until after two days. 

3. Trypsio 

The presence of the tryptic ferments in the scorpion was mentioned 
by Krukenberg and Fischer, and also by Pavlovsky and Zarin. 

To ascertain the presence of Trypsin in the digestive glands of the 
scorpion we made the following two tests ; — 

A. Gelatin test, and 

B. Casern test. 


A. The Gelatin Test 


Process 


In this test, both neutral and alkalized gelatin of the same concentra- 
tions were used.. 


30 gms. of powdered gelatin were taken and dissolved in 100 c. cs. of 
distilled water, in an evaporating dish, and placed in a water bath, till 
the gelatin solution was clear and homogeneous. The gelatin solution 
as such is little acidic, so in order to make it neutral about 3 c. cs. of dilute 
KOH (about 10 to 15 %) was added to 50 c.cs. of the gelatin solution 
and to the other 50 c.cs. of the gelatin solution, about 5 c. cs. of the same 
dilute KOH were added to make the solution alkaline. 

The neutral solution ofgelatin was poured into 4 small, flat-bottomed, 
glass tubes, and the alkalized solution was likewise poured into another 
set of 4 similar tubes. The level of the gelatin in each tube was marked 
by pasting a slip of paper outside. The 8 tubes were labelled as follows : 


1) Neutral Liver, 

2) Neutral St. glands, 

3) Neutral Mid-gut, 

4) Neutral Control, 


5) Alkalized Liver, 

6) Alkalized St. glands, 

7) Alkalized Mid-gut, 

8) Alkalized Control. 


All the tubes were kept in ice to set the gelatin. Then 2 c.cs. of the 
glycerine extracts of liver, stomach glands and mid-gut were poured into 
the respective tubes. In the control tubes pure glycerine was poured. 
These eight tubes were allowed to remain at room temperature (about 
30®c.) for 24 hours. 


Results 


Control Solution {neutral gelatin) The gelatin in this remained unaltered 
after 24 hours. 

Liver and Stomach frauds Extracts {neutral gelatin) In the tubes contain- 
ing the extracts of the liVer and the stomach glands the gelatin had under- 
gone liquefaction at the top. In both the tubes equal quantities of the 
gelatin had liquefied but in two experiments the liquefaction had pro- 
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cecded more in the extract of the stomach glands than in the extract of 
tte liver. 

Mid-gut {neutral gelatin) : — ^The gelatin in this remained unaltered. 

Control {alkalized gelatin) : — ^The gelatin here remained unaltered. 

Liver and Stomach glands {alkalized gelatin) : — In both the tubes lique- 
faction of the gelatin had taken place as in the case of the extracts with 
neutral gelatin. In some experiments the amount of gelatin liquefied 
was almost the same as in the case with the neutral gelatin but in others 
it was slightly greater. The quantity of gelatin liquefied in the two 
tubes was equal. 

Mid-gut {alkalized gelatin) : — ^The gelatin here remained unchanged. 

B. The Casein Test 

Casein is precipitated ^y acetic acid, but in the presence of Trypsin, 
Casein is split up and the resulting substances do not precipitate on the 
addition of acetic acid. Casein is dissolved by heating in a small quantity 
of water in the presence of a i o% solution of Soda (NaOH) . This method 
was introduced by Grass, Fuld and Michaelis (Aberhalden, igio). 

Process 

For our experiments o . 2 gm. of Casein was taken in an evaporating dish 
to which a spoonful of distilled water and about 3 c.c.s. of 10% NaOH 
were added. The solution was boiled for about 5 minutes till all the 
casein was dissolved. To this, distilled water was added till the solution 
amounted to 100 c.cs. The solution was then filtered and from the clear 
filtrate 5 c.cs. each were taken in three test tubes. To one of these 2 
c.cs. of the liver extract and to the second 2 c.c.s. of the stomach glands 
extract were added. To the third 2 c.c.s of pure glycerine and a few 
drops of toluol were added as control. The test tubes were then im- 
mersed in a water bath at 40®c. After one hour the solutions were 
allowed to cool and again filteredras they were not sufficiently transparent. 

At a time only half of the contents of each tube was tested with 0.25% 
acid, added carefully by drops and the changes noted. 

Results 

Control : — In the control solution a white chalky precipitate was at 
once obtained on the addition of a single drop of the acetic acid. 

Liver and Stomach glands : — In the solutions containing the extracts 
of the liver and the stomach glands a v^ery slight white precipitate was 
visible but that on the addition of many drops of the acetic acid. The 
precipitates in the two tubes were almost equal. 

These experiments were conducted four times with the same results. 

In one experiment one set of solutions were kept in the water bath as 
usual, while another set of similar solutions was tested immediately on 
preparation and so not allowing the ferment time enough to act on the 

W (II) 
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casein. The results of the two sets were compared. Tie precipitates 
obtained in the latter case were definitely greater than in the solutions 
kept in the water bath for an hour, Rowing that the ferment had not 
acted on the casein. 

The results would indicate that the ferment Trypsin is present in both 
the liver and the stomach glands of the scorpion and in equal strength. 

Pavlovsky and Zarin in their experiments on Trypsin with the Gelatin 
Test obtained positive results for both the liver and the stomach glands, 
although they mention that gelatin did not liquefy so energetically with 
the stomach glands extract as with the liver extract. 

In their experiments with the Casein Test, however, they obtained 
positive results in all their three experiments with the liver extract and 
negative results in all the three experiments with the stomach glands 
extracts. That was due, according to them, to the fact that gelatin 
presents a more sensitive reagent to Trypsin than does Casein. 

But the fact that they did not get a positive result in the case of the 
stomach glands may be due, we jhink, to the difference in the concentra- 
tions of their extracts as may be judged also from the results of their 
Gelatin Test. 


4. Invertase 

With the help of the ferment Invertase, cane-sugar absorbs water 
and is split up into grape sugar and fruit sugar. 

Invertase is not known in the scorpion, though it is widespread in 
the animal and vegetable kingdoms along with a number of other 
enzymes. 

Method 

For the detection of Invertase 5 gms. of cane-sugar were dissolved in 
100 c.cs. of distilled water. Like this, three solutions were prepared and 
kept in bottles. In the first two, 5 c.cs. of the glycerine extracts of liver 
and stomach glands were added respectively. While in the third, 5 c.cs. 
of pure glycerine only were added as a control. In all three, a few drops of 
toluol was added as preservative. The mixtures thus prepared, were 
allowed to remain in the thermostat for 2 days at 30°c. At the end of this 
period the solutions were taken out, and examined. The solutions 
containing the extracts of liver and stomach glands were too opaque to 
transmit light, when put into the polarimeter. So they were filtered 
through double filter paper till they became somewhat transparent. 

Results 

One after another the solutions were put in the polarimeter. Read- 
ings were taken at intervals of 2 hours each but no change was observed 
in the rotation in all the three solutions. The solutions were allowed 
to remain in the polarimeter for more than 24 hours. Still there was no 
change. This stows that the cane sugar was not split up and that there- 
fore the ferment Invertase is absent. The experiments with all the three 
solutions were repeated, with the same results. 
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5. Lipase 

The methods of estimating the fat-splitting ferments or Lipases are 
based on the capability of these ferments to split fats into free fatty acids 
and glycerine. 

There is no data in the literature regarding the fat-splitting ferments 
in the digestive glands of the scorpion, except the work of Pavlovsky and 
Zarin. 

Method 

In order to estimate the ferment Lipase in the digestive glands of the 
scorpion the following process was followed : 

10 c.cs. of olive oil were taken in a glass bottle, and to it distilled water 
was added till the solution amounted to 100 c.cs. The solution was then 
thoroughly shaken till the olive oil was completely mixed with the water 
and did not separate out. 

From the olive oil emulsion 10 c.cs. each were taken in 4 different 
test tubes, to three of which were added 2 c.cs. of the glycerine extracts 
of liver, stomach glands and mid-gut respectively. To the fourth tube 
2 c.cs. of pure glycerine only were added as control. All the tubes were 
put in the water bath at 37®c. for 24 hours, and then at 55 °c. for 2 hours. 
After this the solutions were allowed to cool. 

In the meantime a quantity of 50% solution of ether alcohol (f 

N 

ether + J absolute alcohol) and a —solution of NaOH were prepared. 

When the tubes were completely cooled, 5 c.cs. of the solution from 
each tube were taken in a small beaker one after another and to these 10 
c.cs. of the ether-alcohol mixture and one drop of phcnolphthalein were 

N 

added. The mixture was then titrated against the solution of NaOH. 
The quantity of NaOH used up in the titration was noted. 

Results 

Control : — ^The control solution turned permanently pink in colour on 
the addition of only a single drop of the NaOH solution. 

Liver and Stomach glands : — In the solutions containing the extracts of 
the liver and the stomach glands, several drops of NaOH solution were 
required to change the colour to permanent pink, thus indicating that 
these solutions were more acidic than the control solution. The burette 
readings for both the extracts were almost equal. 

t 

Mid-gut : — ^The solution containing the extract of the mid-gut gave a 
permanent pink colour with only one drop of NaOH as in the case with 
the control solution. * 

Two readings were taken in each experiment and the mean cal- 
culated. In order to get the figures for the increase of acidity in the 
solutions tested as compared with the control, the burette reading for the 
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control solution was subtracted those for the Hver, 
glands^ and the midrgut extracts. The increase of acidity in the 
and the stomach glands solutions was almost equal. 

Increase in the acidity of the solutions shows that the olive oil w^ split 
up forming fatty acids. 

The results would indicate therefore that the ferment Lipase is present 
in ^ the liver and the stomach glands in almost equal concentration! 
wKile it is absent in the mid-gut. 

According to Pavlovsky and Zarin, the stomach glands extract showed 

ail increase of acidity equivalent to . i c.c. of — NaOH only in one of 

the three experiments they performed, while the liver extract showed 

N 

an increase of acidity equivalent to .16 c.c. of— NaOH in the first, 

.55 c.c. in the second, and .2 c.c. in the third experiment. 

We have found an increase in the acidity of the stomach glands extract 
in all our experiments and that too about as much as the increase in the 
acidity of the liver extract. 


The difference in the figures of the increase of acidity in the liver 
extracts given by Pavlovsky and Zarin may be due to the difference in 
the concentrations of the liver extracts they used for their three experi- 
ments. Because, in one of our experiments we used the more concen- 
trated liver extiact and consequently the readings showed an increase of 


N 

acidity equivalent to .6 c.c. of — NaOH as compared with .2 c.c. 


N 

of — NaOH of the weaker extract. 


6 . Inulase 

In some plants, especially the Compositae, besides starch and glycogen, 
there is a carbohydrate inulin. 

Under the influence of a special ferment Inulase, inulin is converted 
into fructose. 

Robert discovered Inulase in scorpions. According to him, a solution 
of inulin to which the extract of scorpions preserved in alcohol was 
added, reduced Fehling*S liquid after 48 hours. Pavlovsky and Zarin 
have contradicted Robert as regards this enzyme. 

Method 

For testing the ferment Inulase, i gm. of inulin was dissolved in 100 
c.cs. of distilled water, after continuous shaking. From this 1% solution 
of inulin, 10 c.cs. each were taken in 3 test tubes and to the first two were 
added 3 c.cs. of the glycerine extracts of liver and stomach glands re- 
spectively and 5 drops of toluol as a preservative. The third tube was 
prepared as a control solution with 3 c.cs. of pure glycerine only instead 
of the extract. The three test tubes were put into the thermostat at 
40^c. and were allowed to remain there for about, 48 hours. After this 
period, the test tubes were taken out and the contents cooled. Froto** 



onigimrf ni nmm nr rm irmnnir tm 

the conleiiti of tte test tubes little quantities of the solutions were taken 
into smaller test tubes, and a few drops of Fehling’s Solution were added. 
On the addition of Fehling’s Solutbn, a blue colour was obtained ki all 
the three test tidies. The mixtures were then heated on a Btmsen burner 
and colour dianges (if any) were notedi 

Results 

Contol:— The control solution remained unchanged showing the 
same clear blue colour. 

Liver and Stomach glands : — ^The solutions containing the extract of the 
liver and the stomach glands of the scorpion changed their clear blue 
colour to dark dusty blue and sometimes brownish blue but not to brown 
colour as it ought to be if all inulin was converted into fFuctose. 

This experiment was repeated five times with the same results. A 
small amount of inulin has been converted into fructose. 

7. Amylase 

Amylase is capable of converting starch to maltose. The presence of 
an insignificant amount of Amylase in the scorpion was established by 
Krukenberg, by Fischer, and by Robert, and later by Pavlovsky and 
Zarin. 

Method 

Forthedetectionof Amylase we used .3% and .5% solutions of soluble 
starch (amyl, solubilc) and an aqueous sedution of iodine in potassium 
iodide. 

.3 gm. and .5 gm. of soluble starch were separately dissolved in 100 
c.cs. of hot distilled water each. The solutions were then allowed to 
cool and were filtered in separate bottles. 2 c.cs. each of the glycerine 
extracts of the liver, the stomach glands and the mid-gut of the scorpion 
were taken in three different test tubes and in a fourth one 2 c.cs. of pure 
glycerine were taken as a control solution. .To each of these four tubes 
were added 8 c.cs. of distilled water and .5 c.cs. of the .5% solution of 
starch. Similarly, four other test tubes were prepared with the .3% 
starch solution. 

Thus altogether eight test tubes were prepared. After vigorously 
shaking them, they were all kept in a water bath at 40° — ^45°c. for 30 
minutes after which they were allowed to cool. 2 c.cs. of the contents 
of each tube were taken out in smaller tubes and to each of them 3 drops 
of an aqueous solution of iodine in potassium iodide were added. 

Results , 

It is known that in the presence of Amylase, starch is converted into 
maltose, on being heated. Therefore when treated with iodine solution 
it docs not give a deep blue colour reaction. 

Controls — In both the control test tubes (with .3% and .5% starch) 
a deep blue colour was obtained on addition of 3 drops of iadine. 
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Lim and Stmach glands : — In the test tubes containing the extracts of 
liver and stomach glands, the solutbns with the .5% starch gave a dusty 
pink colour reaction with a slight bluish tinge, while the solutions with 
the . 3% starch gave an absolute pink colour without any trace of blue, 
on the addition of 3 drops of iodine. This indicates that the .5% stardi 
remained partly unchanged while the . 3% starch ccmplctcly disappeared.* 

Mid-gut : — In both the test tubes containing the extract of mid-gut 
(with .3% and .5% starch) a dark purple colour was obtained on the 
addition of 3 drops of iodine, thus indicating that the mid-gut contains 
no Amylase strong enough to cbnvert the starch into maltose. 

Time Factor 

In the above experiments the time allowed for the Amylase in the 
extracts to act on the starch was generally 30 minutes. However, in 
order to determine the time necessary for the conversbn of starch into 
maltose by the Amylase of the extracts, several experiments were per- 
formed when the solutions were tested at intervals of every 5 minutes. 
The results are noted in the following table : — 

Table of Experiments Showing the Time taken by Amylase to 

Act on Starch 


Time 

Control 

Mid-gut 

St. Glands 

Liver 

More Con* 
oentrated 
Liver 

b mts. 

Clear dark 
blue 

Dusty dark 
blue 

Dusty dark 
blue 

Dusty dark 
blue 

Dusty dark 
blue 

5 mts. 

•> 

»* 

Dusty 

purple 

Dusty 

purple 

Dusty 
light purple 

10 mts. 

ft 

Dusty 

purple 

^ Dusty light 
purple 

Dusty light 
purple 

Dusty pink 
with blue 

16 mts. 

ft 

»» 

Dusty jpink 
with blue 
tinge 

Dusty pink 
with blue 
tinge 

Dusty pink 


The solutions used in the above experiments were prepared with 5% 
starch only. 2 c.cs. of each solution were tested in the beginning of the 
experiment with 3 drops of iodine, and then 2 c. cs. at intervals of every 
5 minutes, till no reaction was noticed. It will be seen from the above 
table that the more concentrated extract of liver acted on the starch 
quicker than the less concentrated solutions, indicating that it contained 
naturally a larger quantity of the enzyme Amylase. The “dusty” 
colour of the solutions was due to the colour of the extracts. 

Conclusion 

From all the above expenments it may be concluded that Amylase 
is present *in equal strength in both the liver and the stomach glands 
of the scorpion. The more concentrated the extract, the more quickly 
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It acts on the starch* In the mid-gut, however, the presence of Amylase 
cannot be certain. The tissue is so small and thin that the extract was 
naturally more dilute than that of the liver or the stomach glands. Con- 
sequently its action on the starch, if any, could not be easily noticed. 
The slight changes effected by the starch in the mid-gut solutions in all 
the experiments indicate that Amylase might have been present. It is 
possible on the other hand that this slight frace of the ferment had come 
from the liver into the mid-gut during digestion and had not originated 
there. 

Pavlovsky and Zarin were able to establish the presence of Amylase 
only in the extract of the liver, and in all their experiments with the 
extracts of the stomach glands and the mid-gut they obtained negative 
results. It may be that these latter extracts they used were too dilute 
to give any results. In all our experiments the extracts of the liver and 
the stomach glands both acted equally on starch. 

8. Catalase 

Catalase is capable of decomposing hydrogen peroxide into molecular 
oxygen and water : — 


2H2O2 = O2 4 " 2H2O 

The catalytic properties of some animal and plant tissues were estab- 
lished by Schonbein in 1863. More detailed investigations on the fer- 
ment Catalase were published by Loew in 1901., The Catalase of scor- 
pions was studied by Kobert in 1313, but he obtained negative results 
He, however, worked on specimens preserved in 70% alcohol for more 
than 5 years. Pavlovsky and Zarin in 1926 established the presence of 
Catalase in the liver of Buthus. 

Method 

For our experiments we constructed an apparatus similar to the one 
described by Zarin (1913). 

This apparatus consisted of a broad-mouthed glass bottle with a rubber 
stopper, an S-shaped tube, a water trough, and a graduated test-tube. 
The apparatus was fitted up as shown in Figure 2. 

2 c.cs. of the glycerine extract of the liver of scorpion were mixed with 
8 c.cs. of distilled water. The mixture was filtered through filter-paper 
into the bottle (B). To this were added 10 c.cs. of 1% solution of hydro- 
gen peroxide prepared from Merkozone. (i c.c. of Merkozone plus 
7 c.cs. of distilled water as Merkozone itself is 8% H2O2). The bottle 
was immediately corked with the rubber stopper (C) containing the 
S-tube (S.T.). The distal end of the S-tube was quickly inserted, under 
water, into the inverted graduated test tube (C) which was full of water. 

Effervescence began to take place as soon as H2O2 was added to the 
liver extract, and small bubbles of gas were seen to collect in the 
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gradttated test ttdie ditpladng tfae water thereia. Hw apperatia wai 
aflowed to remain for 24 hotxrs and sometimes for a longer period. 

The above experiment was performed also with the glycerine extract 
of the stomach glands of scorpion, and as a control with only pure gly- 
cerine instead of the extracts. 

% 

Rbsults 

Control : — With the control solution there was no evolution of any gas 
and the test tube remained completely full of water throughout the 
experiment. 

Liver extract : — g experiments were performed with the glycerine ex- 
tract of liver and of these 6 gave positive results. The quantity of Oj 
evolved, however, varied. 

9 more experiments were performed with the more concentrated 
extract of the liver. 8 of these gave positive results and the quantity of 
the O2 evolved varied as in the above case. 

Stomach glands extract : — With the glycerine extract of the stomach 
glands 5 experiments were performed of which 4 gave positive results. 
The quantity of O2 evolved varied in this also. 

The variation in the quantity of the oxygen evolved, and the negative 
results in a few cases (5 out of 23 experiments) were unaccountable. 
But the fact that Oxygen did evolve in the majority of cases is only of 
importance as it proves the presence of the ferment Catalase in both the 
liver and the stomach glands. 

Pavlovsky and Zarin performed only three experiments with the liver 
extract and three with the stomach glands extract. Only in one experi- 
ment they detected the evolution of Oxygen, and that in the case of the 
liver extract. All their experiments with the stomach glands extract 
gave negative results. 

Testing the Gas 

In order to test the gas evolved, a larger quantity of the more con- 
centrated extract of the liver was taken in a big bottle and to this a pro- 
portionately larger quantity of strong solution of hydrogen peroxide was 
added. The bottle was then at once tightly closed and was allowed to 
remain for about 50 minutes. Afterwards the stopper was lifted and a 
kindling stick of wood was immediately inserted. The stick caught fire 
and began to bum brightly. Several times the experiment was repeated 
with the same results. This proves that the gas evolved was undoubtedly 
Oxygen. 

With only glycerine, sand, and hydrogen peroxide (without any 
extract) tUs test was made as a control, but there was no evolution 
gas. 
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*^*BLE Ssowmo A Summary of the ExpsRiMBirrs 


FenMBto 

Xested 

Number of Experi- 
mente Performed 

Results 

Remarks 

Ch 3 rmosin 

5 liver extract 

5 Stomach glands 

Positive 


Pepsin 

7 liver 

7 Stomach glands 

6 Liver 

6 Stomach glands 

f* 

*> 

(Gelatin did 
not set) 

30% gelatin used 

10 to 25% 
gelatin used 

Trypsin 

Neutral gelatin 

4 Liver 

4 Stomach glands 

2 liver 

2 Stomach glands 

Positive 

ft 

(Gelatin did 
not set). 

30% gelatin used 

I5%’knd26%'' 
gelatin used 

99 99 


Alkaline gelatin 



f 

7 Liver 

7 Stomach glands 

4 Liver 

4 Stomach glands 

Positive 

»» 

(Gelatin did 
not set) 

30% gelatin used 

ff 99 

15 to 25% 
gelatin used 


Casein Test 

4 Liver 

6 Stomach glands 

Positive 

$9 


Invertase 

2 Liver 

2 Stomach glands 

Negative 


Lipase 

2 Liver 

2 Stomach glands 

Positive 

t» 

1 

](nulase 

5 Liver extract 

99 



5 Stomach glands 

99 


Amylase 

In water bath {iO^-45'^c) 
4 Liver 

4 Stomach glands 

Positive 

99 



At room temperature 
(oboai Wc) 

3 Liver 

3 Stomach glands 

Positive 

99 



In water bath {70^-80°c) 

1 Liver 

1 Stomach glands 

Negative 

99 

Overheated 

Control even gave no 
reaction with iodine 

Catalase 

14 Liver 

4 M 

4 Stomach glands 

1 >f »> 

Positive 

Negative 

Positive 

Negative 

Unaccountable 

Unaccountable 


HISTOLOGICAL STUDY OF THE DIGESTIVE GLANDS 

For the structural study of the liver and the so-called stomach glands 
of the scorpuHi, tissues of these organs were fixed in Bouin’s Picro-Formol 
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for about 24 hours. Then, in order to remove the colour of the picric 
acid from the tissues, they were washed in a solution of lithium cartonate 
and again in water. Paraffin sections 10 fJL in thickness were cut and 
double stained in hasmatoxylin (Delafield^s) and eosin. 

The Liver 

The sections of the liver (Fig. 3) reveal the presence of two kinds of 
cells. The cells of the first kind (A.C.) are larger and occupy a greater 
portion, of the liver tissue. They have large oval nuclei which are stained 
dark blue in haematoxylin. The cells are overladen with numerous 
large globular inclusions (Gl.) of different sizes. These are stained in 
different tints of violet. The cells also contain small granular inclusions 
(Gr.) disposed in groups. They stain brownish black. Cells of this 
type were found by Pavlovsky and Zarin in the liver of Buthus. They 
have called them “absorption cells” or “resorption cells” as they are 
believed to absorb digested food material. 

The cells of the second kind (F.C.) are fewer than the other and are 
filled with a large amount of fine granular substance which stains light 
pink. Pavlovsky and Zarin have described such cells in the liver of 
Buthus and have called them “ferment cells” being responsible for the 
secretion of the various ferments. 

The liver is bounded by a peritonial membrane (M.) which is made up 
of large poligonal cells with large oval nuclei. This membrane pene- 
trates the liver tissue at different places thus dividing the liver into small 
lobules. In this membrane are found here and there large blood lacunae 
(B.L.) and there ramify also the so-called Malpighian vessels (M.V.). 
In the cells of this peritonial membrane are also encountered globular 
inclusions (G.l.) similar to those of the absorption cells. 

The Stomach Glands 

The sections of th,e so-called stomach glands (Fig. 4) also show two 
kinds of cells corresponding to the absorption cells and ferment cells of 
the liver with their identical inclusions, and the whole gland is clothed 
with a peritonial membrane which, as in the case of the liver, penetrates 
the tissues and divides the stomach glands into manysmall lobules. The 
membrane also contains a few blood lacunae and Malpighian vessels. 
In all respects therefore the cells of the stomach glands are similar to 
those of the liver. 

Histological study therefore proves that the liver and the stomach 
glands are structurally identical In this conclusion, we have the sup- 
port of Pavlovsky and Zarin whose description of the structures of these 
glands of Buthus compares favorably with that of ours. The conclusion 
arrived at by Pavlovsky and Zarin, however, is the more significant on 
account of the fact that their physiological studies on the enzymes of these 
organs led them to conclude differently. 

CONCLUSION 

The main digestive gland of the scorpion consists of 5 pairs of glands 
collectively called the ‘liver’ or ‘hepato-pancreas’, and it occupies a large 
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portion of the body cavity of the mesosoma. In front of this, lying in the 

f >ro*8oma, is a pair of glands, very small, but in appearance similar to the 
iver. This little pair of glands has been called the ‘salivary glands’, the 
‘cMhalo-dioracio outgrowth of the liver’, the ‘stomach glands’, etc., by 
different authors. Whether these so-called stomach glands are distinct 
from the liver or arc only ccphalo-thoracic outgrowths of the liver was the 
problem which attracted the attention of Pavlovsky and Zarin in 1926. 
They made separate glycerine extracts of the liver and the stomach glands 
of Buthus and tested these extracts for their enzyme contents . The extract 
of the liver revealed to them the existence of the ferments Chymesin, 
Pepsin, Trwsin, Lipase, Amylase and Catalase in them. In the extract of 
the stomach glands, Amylase and Catalase were not found. The ferments 
Lipase and Chymosin were detected only once in the stomach glands 
extract, while they were present in those of the liver in every one of the 
three experiments they performed. From these results, Pavlovsky and 
Zarin concluded that the two setsof glands were physiologically different. 
They also studied the histology of these glands and found that in histo- 
logical structure the stomach glands agreed with the liver. This fea- 
ture, however, did not preclude them from arriving at the aforesaid 
conclusion. 

^ Our experiments were conducted on the digestive glands of the scor- 
pion Palamnaeus fulvipes^ on the same lines. All the ferments found by 
by Pavlovsky and Zarin in the liver of Buthus, viz. Chymosin, Pepsin, 
Trypsin, Lipase, Amylase and Catalase, were found by us in the liver as 
well as in the stomach glands of Palamnaeus. That means that the two 
ferments Amylase and Catalase which were not detected by Pavlovsky 
and Zarin in the stomach glands, and the two ferments Lipase and 
Chymosin which they detected only once in the stomach glands, were 
found present in all our extracts "of the stomach glands tested. More- 
over we found traces of inulase in both the glands. We give below a 
comparative table of the results obtained by Pavlovsky and Zarin and 
those obtained by us. 

Table Comparing our Results with those of Pavlovsky and 

Zarin 


Ferments 

Invostigated 

Pavlovsky and Zarin 

Liver St. Glands 

Bardi and Oeorge 

Liver St. Glands 

Chymosin 

Present 
in all 3 
exps. Result 
after 10 
mts. 

1 

Present 
in one 
oxpt. only. 

Result 
after 50 
mts. 

Absent in * 

2 other 
oxps. 

Present Present 

Results obtained in 
both glands after 

10 minutes in all 

5 experimenis. 

Pepsin 

Present Present 

in all 3 exps. Liquefaction of 
gelatin commenced after 2 days. 

Present ^ Present 

Liquefaction of gelatin corn* 
menced after a few minutes, 
with both glands in all 7 exps. 
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Table Comparing our Results with those of Pavlovsky and 

Zarin — {contd.) 


Ferments 

Intestigated 

Pavlovsky and Zarin 

Liver St. Glands 

Bafii and George 

Liver 8t. Glands 

Ttypsin 

(Gelatin Test) 

(Gelatin Test) 

Present Present 

Present 

Present 


in all 3 experiments 

in all 11 experiments 


(Casein Test) 

(Casein Test) 


Present Absent 

Present 

Present 


in all 3 exps. in all 3 exps. 

in all 4 experiments 

Invertase 

Absent Absent 

Absent 

Absent 


in all 3 experiments 

in all 2 experiments. 

Lipase 

Present Present 

Present 

Present 

in all 3 exps. only in one exp. 

Absent in 

2 others 

in all 2 experiments 

Ittolase 

Absent Absent 

Present 

Present 


in all 3 experiments 

in all 5 experiments 

Amylase 

Present Absent 

Present 

Present 

in all 3 exps. in all 3 exps. 

in all 7 experiments 

Catalase 

Present Absent 

Present 

Present 


only in the in all 3 

in 14 out of 

in 4 out of 5 


1st oxp. exps. 

Absent in 

2 others 

18 exps. 

experiments 


From the above Table it will be clear that our experiments show no 
difference between the so»called stomach glands and the liver as regard 
their enzyme contents. 

We have also made a histological study of these organs and we agree 
with Pavlovsky and Zarin that structurally these two glands are similar. 

From our investigation, therefore, it appears that the so-called dis- 
tinction into stomach glands and liver has neither histological nor physio- 
logical foundation. The former must, therefore, be regarded as a part 
of the hepatopancreatic system, being the anteriormost pair of the seve- 
ral pairs of glands, having remained separate, however, as a result of the 
development of the endosternite which separates the prosoma from the 
mesosoma. 
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Explanation of thb Plates 


Figure i r Dissectim of the sforpion to show the digestioe glands in position. 


H.F. The five pain of liver glands (hepato-panoreas) opening into the 
mid-gut. 

M.G. Mid-gut. 

M.S. Meeo-soma. 

P.S. Pro-soma. 

S.G. The anteriormost pair of liver glands (the so-called stomach glands) 
opening into the stomach. 

St. Stomach. 


Figure 2. An apparatus for the estimation of catalase {After JZ^rin). 


B. Bottle with extract plus hydrogen -peroxide sol. 

C. Rubber stopper through which an S-tube passes into the bottle. 

B. Glycerine extract of the digestive gland plus hydrogen-peroxide 

solution. 

Graduated test tube for receiving the oxygen evolved. 

H2 0 Water filling the trough and the test tube. 

O2 Oxygen collected in the test tube. 

S. Stand for holding test tube in position. 

S. T. S-shaped tube. 

T. Trough filled with water. 


Figure 3. A part of the section of a lobe of the liver (0C.3 Xob. 3). 


A. C. Absorption cells* 

B. L. Blood lacunae. 

F.C. Ferment Cells, with granular substance. 

Gl. Globular inclusions. 

Gr. Granular inclusions. 

M. Membrane. 

M.V. Malpighian Vessels. 

Figure 4. A part of the section of a lobe of the so-called stomach glands 
(0C.3 Xob. 3) (Letterings as in Figure 3). 











STUDIES IN THE DEVELOPMENT OF 
SEED CHARACTERS IN LINSEED 

(Linum usitaUssimum ) 

By 

L. S. S. Kumar and D. S. Ranga Rao, 

Department of Botany, College of Agriculture, Poona 

B reeding work for the improvement of linseed has been in pro- 
gress in the Bombay Province for the last nine years and advantage 
was taken of this opportunity to study the physical and chemical 
characters of linseed at progressive stages of maturity. The authors are 
not aware of any reference to such work in India using the local varieties 
of linseed grown under Indian conditions. 

Dillman (1928) and Eyre (1931) studied the daily growth and oil 
development in flax-seed. Barker (1932) in Great Britain investigated 
the nature and quantity of oil in seeds of flax-fibre crop at successive 
stages of maturity. The relation of agronomic practice to the quantity 
and quality of oil in flax-seed was studied by Johnson (1932). Lehberg 
et al. (1939) have studied the physical and chemical characteristics at 
various stages of maturity of the seeds of three varieties of flax most ex- 
tensively grown in Canada. The present work includes the study of the 
physical characteristics of the capsule and seeds, the germination per- 
centage of the seeds, oil content and iodine value of the oil from the earli- 
est stages to complete maturity of the seeds in an Indian variety of linseed 
under local conditions at Poona. 

Material 

A pure strain— C.P. 3 — obtained from the Central • Provinces and 
acclimatised to local conditions for three years was selected as suitable 
material for these studies. The crop was grown by dibbling during the 
rabi season on a typical medium black clayey loam soil of the experimen- 
tal plots of the Economic Botanist at the Poona Agricultural College. 
Throughout the period of growth the crop was neither manured nor 
irrigated. The studies were conducted during the rabi seasons of two 
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years 1936-37 and 1939-40. Data arc presented only for the latter per- 
iod^ as during that year more characters were studied and the results were 
statistically analysed. But the trend of the results for the characters 
studied during both years was found to be the same. 

Methods 

About nine weeks after sowing, when suflBlcient number of flowers were 
available, 1 200 freshly opened flowers were labelled with tags on the same 
day. Thereafter, weekly samples of 100 capsules each were taken at 
random at about i p.m. each time. The samples were allowed to sun 
dry till the evening and stored in butter paper bags for further work in 
the laboratory. 

Physical characters , — Each capsule was separately weighed and its size 
measured by taking the maximum width by means of calipers with ver- 
nier attachment. After determining the number and weight of seeds 
in each capsule, the seeds from the hundred capsules at each stage of 
maturity were well mixed and 100 seeds of this lot were used to determine 
their average length, breadth and thickness. 

Germination percentage , — ^Two lots of fifty seeds from each sample were 
allowed to germinate on moist blotting paper in shallow dishes. Counts 
were taken when radicles had come out and cotyledons had just made their 
appearance. 

Oil content , — Duplicate i gm. samples at each stage of maturity were 
ground, and extracted with ether. The extract was dried for an hour 
at 6o®C in an electric oven and for another hour under vacuum in a 
desiccator over calcium chloride and weighed. By employing the above 
method, the difference between duplicates was never over 0.5 per cent. 

Iodine value , — ^This was determined in the above oils by the method of 
Hanus (Methods of the Association of Agricultural Chemists, U.S.A., 

1938). 



Table I 

Development of seed characters at progressive stages of maturity 
(The figures given in the table are average values) 
Date of Sowing 1 1-10-39. 


”5 



(Figures in italics indicate that they are statistically significant with respect to the previous figure.) 
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Results and Discxjssions 

Each of the physical characters was statistically analysed by finding 
out the mean, standard deviation and standard error for the values at 
each stage of development. The difference in mean values between any 
two stages was considered significant when it was more than twice the 
standard error of difference between the two means. The results are 
summarised in Table I wherein the figures represent merely the average 
values. Wherever the results are statistically significant, such figures 
arc shown in italics in the table. 

Size of capsules , — ^This rises very rapidly in the first two weeks, after 
which the rise is very slow. After reaching the maximum during the 
seventh week, the size remains the same without any further decrease. 
Both Dillman (1928) and Johnson (1932), however, find that the size of 



Fig. 1. 

Gikph illustrating development of physical oharaoters at progressive 
stages of maturity in linseed 
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capsule reaches maximum size of the development within two weeks 
after flowerings remains stationary over a considerable period and then 
registers a slight decrease during the ripening stage of the crop. This 
decrease in the final stages was not observed in the present work. 

Number of seeds per capsule,— By the end of the first week, the average 
number of seeds per capsule was between 5 and 6 only. But by the end 
of the second week, this rose to about 8 per capsule which was the maxi- 
mum obtained. This variation in setting of seeds during different stages 
of development has not been reported by other workers. 

Weight of capsule and seed, — The trend of results in these two cases runs 
parallel as can be seen in the curves in the graphs in Fig. i. Both show 
a sharp and steady rise during the first five weeks, reach their maximum 
during the sixth week, and remain at that level with slight fluctuations till 
the end of the eighth week, and then show a fall during the ninth week. 
This fall in the last week has been found to be statistically significant. 

Lengthy breadth and thickness of seed. — ^Dillman (1928) and Johnson (1932) 
have observed that these three values show parallel development. They 
reach maximum within two weeks after flowering, remain fairly constant 
over a considerable period, and all the three decrease slightly at complete 
maturity. In the present studies also it was noticed that all these three 
characteristics register a very rapid rise in the first two weeks. But the 
further development in each case was not similar to that observed by 
Dillman (1928) and Johnson (1932). The length of the seed reaches 
the maximum only during the ^th week and shows a decline during the 
eighth week. The breadth reaches the maximum during the third week 
itself and decreases during the ninth week. In both cases, the decreases 
are significant. The thickness of seed, however, rises very gradually to 
reach a maximum by the end of the sixth week. But unlike the length 
and breadth of the seed, the thickness does not show any decrease at all. 

Oil content, — There is a fairly rapid accumulation of oil even from the 
earliest stages. More than 80 per cent of the maximum oil content is 
formed by the end of the third week. The rate of increase in oil content 
becomes almost negligible after the fourth week, and the maximum oil 
content is reached by the end of the sixth week when the average capsule 
and seed weights also reach their maximum. Thus the oil formation 
runs concurrent with the formation of dry matter in seed and capsule 
{vide Graph in Fig. i). This point is reached some 7 to 10 days before 
the crop is usually harvested. More or less similar observations on the 
rate of development of oil in the seed have been made by Dillman (1928), 
Barker (1932), Johnson (1932), Eyre {1931) and Lehberg (1939), but 
only Johnson has observed the diminution of oil content in the final 
stages of maturity. As can be seen from Table i, here, also, a similar 
lowering of the oil content is noticeable after the sixth week. 

Iodine value, — Just as in the case of oil content there is a rapid increase 
in iodine value of the oil in early stages. The rate of increase in iodine va- 
lue is almost similar to that of oil content itself. Both reach their maximum 
by about the same time, vi 'z.y by the end of sixth week. Johnson (1932) has 
observed similar phenomena and states that the iodine value increased 
rapidly in 5 to 17 days, but Barker (1931) as well as Lehberg (1939) 
find that the greatest rate of inc^ase in ic^ine value takes place after the 
oil content has reached its maximum value. According to them, change 
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capsules will have attained a very light brown colour. The usual local 
practice of harvesting is to wait for another 7 to xo days when capsules 
develop a brown colour of a much darker tint. The present work shows 
that during this period there is an actual decrease in yield, oil content 
and also iodine value of the oil. It may thus be advantageous to harvest 
the crop a week to ten days earlier than what is being practised commonly. 

Summary 


The development of physical and chemical characteristics at different 
stages of maturity of the seeds of a pure strain — C. P. 3 — of linseed from 
the Central Provinces has been studied. 

Percentage germination, length, breadth, thickness and weight of 
seed, size of capsules, oil content and iodine value of the oil have been 
investigated in weekly samples of seed from flowering to maturity. During 
the first week of flowering on an average only about 5 seeds are set per 
capsule. In another week the number of seeds in a capsule increases to 
about 8 which is possibly the maximum obtainable under field conditions. 

Average weight of capsule, average weight of seed, oil content and 
iodine value of the oil, all show an almost parallel development. The 
maximum values in these cases are reached by about the end of the sixth 
week, after which they all show a slight decrease towards the final stage 
of maturity. 

Hence it is suggested that it is economically advantageous to harvest 
the crop about a week earlier than is usually the practice in the country. 

The authors acknowledge with thanks the financial assistance rendered 
by the Trustees of the Sir Sassoon David Trust Fund for carrying out 
this work. 
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THE ALGAL FLORA OF TEMPORARY 
WATERS AROUND BOMBAY 

II. A Stvdy of the Al{ae io some Rain 'Water Poddies at JoKeshwari 

By 

Ella A. Gonzalvbs, B.A., M.Sc., 

AND 

Dwarka B. Joshi, M.Sc,, 

Botany Department, Royai Institute of Science, Bombay 


I N the previous paper of this series the algae of a group of rain-water 
pools at Borivli were studied. In order to understand more thoroughly 
the factors that cause, modify and direct the growth of freshwater 
algae around Bombay, it is necessary to repeat these investigations on 
numerous other waters in the locality. In tUs way a wealth of data will 
be accumulated which will lead to a determination of the ecological fac- 
tors influencing the algae in small bodies of water. The second group 
chosen for study was a small collection of rain-water puddles situated 
inside the Jogeshwari Caves. Jogeshwari is about 17 miles north of 
Bombay and the caves are about ^ mile to the east of the railway station. 
They consist of a central hall, in the middle of which is a shrine, and 
extensive wings. Parts of the top portion of the side wings have fallen in, 
and so these halls are exposed to sunlight. Rain-water collects on the 
groimd forming puddles scarcely three to six inches deep. A collection 
was made from ^s spot and as it contained a large number of desmids, 
it was thought advisable to make systematic collections throughout the 
monsoon and to study the algal flora, just as in the case of the Borivli 
pools (cf Part i). The collections were made once a for tnightduring the 
monsoon of 1940. The species were identified and the frequencies were 
noted according to the system of Howland {cf. Part i). The meteoro- 
logical data for 1940 are also given in the first part of thu series. 
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THE ALGAL FLORA OF THE POOLS 
The following is a list of the forms observed in the pools ; — 

I. CHLOROPHYCEAE (ISOKONTAE)* 

Chlorococcales i) Scenedemus obHguus (Turpin) Ktitz., 2) S. brasil- 
iensis Bohlin., 3) S. bijugatus (Turp.) Kiitz. var. alternans Reinsch., 4) 
Coelastrum cambricum Archer. 

Ulotrighales 5) Ulothrix tenemma Ktitz. 

Oedogoniales 6) Oedogonium hirnii Gutw., 7) Oe, ahlstrandii Wittr. 

CoNjuoALES 8) Spirogyra sp.,t 9) S. Kuusamoensis Him, 10) Closterium 
acerosum (Schr.) Ehr., ii) C. Dianae Ehr forma, 12) C. moniliferum (Bory) 
Ehr., 13) Cosmarium polygonum (Nag) Arch., 14) C. binum Nordst., 15) 
C, Qyadrum Lund., 16) C. connatum Breb., 17) C. vexatum West., 18) C. 
asphaerosporum 'Nordst. y 19) Staurastrum Z^hlbruckneri Lutkem forma Krie- 
ger., 20) Micrasterias denticulata Br4b., 21) Desmidium SwartzU Ag., 22) 
Penium cucurbitinum Biss,, 23) CylindrocysHs crassa De Bary, 

II EUGLENINEAE 

24) Euglena proxima Ehr., 25) Trachelomonas volvodna Ehr. 

III MYXOPHYCEAE (CYANOPHYCEAE) 

26) Lyngbya cryptovaginata and 27) Coelosphaerium Ndgelianum Unger. 

Most of the species in these pools belonged to the Gonjugales and to 
the desmids in particular. The other orders had very few representa- 
tives. There were very few members of the Cyanophyceae even at the 
end of the season. Table I gives the frequency of a few of the forms 
during the season. 


Table I 



June 24 

July 9 

July 27 

Aug. 10 

Aug. 24 

Sept. 2 

Sept. 21 

Oct. 4 

1. 

Scenedesmua obliquua 

i 

c 


a 

ro 

1 ' 

vr 

i 

2. 

Oedogonium ahUtrandii 

1 

rc 

0 

c 

la 

ro 

r 


8 . 

Spirogyra Kuuaamoeneie 

i 

vr 

ro 

a 

la 

0 

rc 

vr 

4. 

Closierium moniliferum 

ro 

ro 

0 

1 

ro 

rc 

ro 

rc 

r 

6 . 

Cosmarium polygonum 

ro 

rc 

a 

B 

rc 

rc 



0 . 

Micrasterias denticulata 



B 


a 

ro 

1 - 

1 

r 


7. 

Lyngbya cryptovaginata 

r 

vr 

■ 

■ 

r 

B 

a 

rc 


! denotes sexual reproduction. 


*The classification adopted is that of Fritsch in **The Structure and Reproduction of 
the Algae”— 1935. 

t THs appears to be a new species of Spirogyra, and will be described in a subsequent 
paper. 
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CONSIDERATION OF THE ALGAE 

Chlorococgales : All the three species of Scenedesmus were seen 
throughout the season^ but S. obliquus was the only species seen in the first 
collection. All three showed appreciable increase in July and continued 
so till the end of August, the maximum being reached about the end of 
July. From September onwards, they were rare. 

Ulotrxghales : Utothrix tenerrima was the only member of this order. 
It occurred in the beginning of August and was seen till the end of Sep- 
tember. It was never in abundance but became more scarce at the end 
of September. 

Oeooooniales : Two species of Oedogoniuniy viz.f Oe. ahlstrandii and Oe. 
himii were seen. The latter was present throughout the season. It 
appeared in the third week of July and became abundant in the begin- 
ning of September when the maximum was reached. Oogonia were 
formed in late August. Oe, hirnii appeared much later, i.f., in the begin- 
ning of September. It was never in abundance. Only a few fruiting 
filaments were observed. 

Conjuoales : Of the two species of Spirogyra, 5 . Kussamoensis was seen 
throughout the season. It became abundant in the first half of August, 
remained so till a fortnight later when zygospores were formed, and then 
declined. The other species of Spirogyra was seen towards the end of 
July. It reached its maximum by the end of August and formed 
zygospores in the beginning of September. 

Of thedesmids, Closterium moniliferum occurred at the beginning of the 

season and reached its maximum at the end of July. Though this form 

was seen throughout the season, it was never in abundance. The other 

two species of Closterium though they appeared for a shorter period, viz.y 

from the beginning of July till the end of August, were seen in larger 

amount. The occurrence of desmids and of Closterium acerosum in 

particular, in a shallow pool is not unexpected, as Hodgetts (1921) found 

Closterium acerosum thriving best in very shallow water at the margin of 

a pond. All the other desmids app>eared by the middle of July. But 

only Micrasterias denticulata and Desmidium Swartzii were abundant and 

thrived till September. The other forms either disappeared completely 

or were ‘rare’ or ‘isolated’ till the end of the season. Cosmarium polygon 

num was the only species of Cosmarium to be seen from the beginning 

of the season till the beginning of September. It was fairly common 

after the first showers, increased in number till the beginning of August, 

and then declined. 

# 

Of the Mesotaeniaceae, Penium cucurbitinum and Cylindrocystis crassa 
appeared in August and lasted till the end of the season, but neither of 
these forms was seen in remarkable number. 

Myxophy42Eae ; Only two members of the Myxophyceae, viz, 9 Coelos- 
phaerium Nageliaswim and Lyngbya cryptovaginata occurred at the beginning 
of the season, but within a month they completely disappeared. To- 
wards the end of August Lyngbya cryptovaginata occurred again, became 
abundant towards the end of September and its numbers fell slightly in 
October. 
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The relative ntunber of species during the n^nsoon showed a definite 
correlation with sunshine^ tem^rature and rainfall {cf. Fig. i). At the 
beginning of the monsoon) only a few algae were seen. The maximum 
was reached in the beginning of August, after which the algae decreased, 
till in October there were only a few forms* Oedogonium and Spirogyra 
showed a mutual relationship, but Spirogyra was more prominent. 

In these pools a large number of desmids was present. Taken as a 
whole, the unicellular forms reached their maximum much earlier than 
the filamentous species. Most of them were seen in abundance from 
the end of July to the middle of August, while the filamentous forms 
(except Spirogyra Kuusamoensis) reached their maximum between the end 
of August and the end of September. The desmids at the beginning of 
the season developed rapidly, but as the filamentous forms advanced in 
development, they seemed to interfere with the growth of these unicel- 
lular forms whose numbers diminished gradually. 

COMPARISON WITH OTHER POOLS 

The algal flora of the Jogeshwari pools is typical of the flora of road- 
side pools (Fritsch 1907, Iyengar 1940). It is characterised by the Spir^ 
ogyra^Oedogonium association with Spirogyra as the more important type. 
Moreover a number of desmids, but very few members of the Chloroc- 
occales are observed. The paucity of members of the Gyanophyceae 
further emphasises the resemblance to road-side pools. As these pools 
are very shallow, they dry up very quickly. Thus one day a pool may 
be full of water and a few days later completely dry. The change takes 
place very suddenly apd new forms do not get a chance to develop. When, 
however, the pools are deeper, the change to the completely dry condition 
takes place more slowly and thus the changes in the concentration of the 
water allow for a corresponding change in the algal flora to take place, 
and hence we find the blue-greens replacing the greens in the J^rivli 
pools {cf. Part I) and in some of the pools studied by Iyengar (1938) and 
Singh (1940). In the Jogeshwari pools, the two blue-greens that 
occur, were seen at the beginning of the season when the pools were 
first filled with water. After the first showers of rain, the concentra- 
tion of the water must be fairly high, as a large amount of salts is washed 
down by the rains and dissolved in the water. Later as the rainfall be- 
comes heavier, the water becomes very dilute and hence inhibitory to 
the good growth of blue-greens. A certain amount of algal succession 
is seen in these pools, but it is not so marked. The flora here scarcely 
bears any resemblance to the rock pools of Ceylon. As mentioned by 
Fritsch (1907) the rock pools are either very deep, or if shallow they owe 
their origin to springs. Thus the aeration is better and the temperature 
and light factors are also favourable to the good growth of algae. The 
pools studied here are shallow and stagnant, and only dependent on the 
rain and thus their flora is different. The depth of the pool theFfefore 
and the aeration obtainable, probably influence the composition of the 
flora and not the substratum alone. 

The rain-water pools of Bombay are not strictly comparable with the 
rain-water pools in Northern India (Singh 1940) and J^dras (Iyengar 
1938, 1940)^ as the weather conditions in all these places are quite differ- 
ent, In Bombay, the monsoon lasts for 4^ months; so these pooU remain 
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full of water during this period after which they dry up, and remain so 
for the rest of the year unless under exertional conditions Bombay has 
a spell of rain in January or Februpy. In Northern India and Madras, 
there is never such continuous rain, with the result that the pools get 
filled up after a shower and are dry soon after. If there are intermittent 
showers of rain, they fill up and dry up repeatedly. Hence the same 
algae crop up again and again in such pools, though the blue-greens have 
been seen to replace the greens before the final drying of the pools. The 
pools studied here are very shallow and as they are dry very quickly, a 
large number of blue-greens do not get a chance to develop, as the con- 
ditions requisite for their development are over quickly. 

In the monsoon the algae develop better in smaller pieces of water. 
The probable reason for this is, that the conditions necessary for growth 
and development and the proper concentration of the water are attained 
very soon in small pools, whereas in large ponds these conditions are 
established more slowly. 

The filamentous species in these pools were reproduced sexually. The 
other forms probably survived in the same manner as the Borivli forms 
(c/. Part I). Thus it is possible that the vegetative and reproductive 
parts of algae distributed by wind and overflow waters reach these small 
pools from adjoining water areas and under favourable conditions ger- 
minate and make their appearance one after another. It is therefore 
necessary to study the distribution of the different species of algae in the 
other large and small bodies of water around these pools, as it may play 
an important part in the composition of the algal flora of these temporary 
static waters where ephemerals appear in rotation and finish their life 
histories in a brief space of time. Further investigations on these lines 
are in progress. 


SUMMARY 

1 ) The algal flora of a group of temporary, very shallow, rain-water 
puddles at Jogeshwari was noted during the monsoon of 1940. 

2) The majority of the species were desmids. A few forms were seen at 
the beginning of tne ’monsoon. They increased in number in the middle 
of the monsoon and decreased at the end. 

3) Succession of the algae was not very obvious and the blue-greens 
were conspicuously absent. The reason for their absence is discussed. 
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9. 
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13. 


Scenedeemus bijitgatus (Turpin) Kiitz. var alUrnana Eeinsoh x 406. 
„ braaUienaia Bohlin x 406. 

„ obliquua (Turpin) Kiitz. x 406. 

Coamarium polygonum (Nag.) Arch, x 406. 

„ Qaodrum Lund, x 406. 

,, binum Nordst. x 182. 

„ vexcUum West x 406. 

„ asphaeroaporum Nordst. x 406. 

Penium cucurbitinum Biss, x 406. 

Deamidium Swartzii Ag. x 406. 

Stauraatrum Zahlbruchneri Lutkem. forma Krioger x 188. 
Cyhndrocyatia craaaa De Bary x 406. 

Micraateriaa dentkulata Br4b. x 36. 


Plate II 

Fig. 1. Cloatotiam aceroaum (Soh) £hr. x 36. 

„ 2. „ moniliferum (Bury) Ehr. x 182. 

„ 3. „ Dianae £hr. forma x 182. 

„ 4. Oedogoniam himii Gutw. x 182. 

„ 5. „ ahUtrandii Wittr. x 182. 

„ 6. Uloikrix tenerrima Kutz. x 406. 

„ 7. Lyngbya cryptovaginata x 406. 

„ 8. Spirogyra sp. x 182. 

„ 9. S. Kuuaamoenaia Him. x 36. 
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Plate I 

The Algal Flora of Temporary Waters around Bombay : 
Some of the alj?ae in the rain-water puddles at Jbgeshwan 
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